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Foreword

Welcometo the third SPINbiennialreport!

Sixyearsof life: Spin(SuPerconductingandother INnovativeMaterialsanddevices)wasborn in 2010, assemblingin

a singleInstitute of the NationalResearchCouncil(CNR)researchgroupsworking on materialssciencein Genoa,

Naples,Salerno,L'Aquila,andRome,previouslyoperatingwithin INFM.

SPINis now an important and recognizablescientificinstitution, with headquartersin Genoaand branchofficesin

the aforementionedcities: SPINbrings together more than 200 people, including staff researchers,associate

researchers,and technicaland administrativesupport staff and trainees; SPINis therefore a CNRInstitute with

appreciablecritical mass. TheInstitute is affiliated to the Departmentof PhysicalScienceand Technologiesof the

Matter (DSFTM),a CNRDepartmentwith a highdegreeof internationalization.

The scientific work done at SPINis characterizedby a multidisciplinaryapproachthat devotes much care and

attention to the relationshipbetweenbasicresearchand the applicationpotential; manyof the scientificactivities

areconcentratedon keyenablingtechnologies(Kets). Spinhasits scientificmissionfocusedon innovativematerials,

superconductors,oxides,andhybridnanostructuredmaterials.

Theactivitiesrangefrom basicexperimentaland theoretical studieson magneticand superconductingmaterials,

strongly correlated oxides,and other innovativematerials. Relevantissuesare material preparation (bulk, single

crystals,thin films, multilayers,and epitaxialsuperlattice), material characterizationbasedon the radiation-matter

interactionsand electronictransport propertiesmeasurementsin the presenceof high external fields. Moreover,

SPINresearchersdealwith sensors,micro/nanosuperconductingelectronicdevices(for quantumcomputationand

other applications),electronicdevicesbasedon oxides("oxide electronics")and organics("organicŜƭŜŎǘǊƻƴƛŎǎέύ.

Theyalso fabricatesuperconductingcablesand tapesfor power applicationsin the fields of biomedicine,energy,

andhighenergyphysics.

Thescientificcommunityof SPINis heavilyinvolvedin the promotion, educationand communicationin the field of

innovativematerials.

SPINdrawsmost of its researchbudget from projectsrelated to nationaland internationalcalls,and this is why an

important sectionof the report isdedicatedto the descriptionof majorprojects.

I think thesepagesmayoffer anoverviewof the researchactivities,planning,equipment,andmainachievementsof

the pasttwo years.

Toshowthe varietyof achievements,in this edition of the scientificreport it wasdecidedto givemore spaceto the

highlights,consideredto be a more effective way to describethe Institute. They are divided in four sections:

Superconductivity,Oxides,OtherMaterialsandFundamentalproperties.

For the preparationof this report thanksare due to the editor, RobertaDe Donatis, to all the activity leadersand

deputy directors of the variousunits, and to ElisabettaNarducci, SabrinaPoggiand RuggeroVagliofor the final

revision.

CarloFerdeghini

Director,CNR-SPIN

pag. 3  



SPINScientificReport 2014 -2015



SPINScientificReport 2014 -2015

Management

Director

pag. 5  

Carlo 
Ferdeghini

Executive Board
at Dec. 31, 2015

Carmine
Attanasio

Emilio 
Bellingeri

Alessandro
Braggio

Paolo
Calvani

Giovanni 
Cantele

Roberto 
Cristiano

Filippo 
Giubileo

Francesco M.
Taurino

Lorenzo 
Marrucci

Sergio 
Siri

David Larbalestier
Applied Superconductivity Center, Florida

Alexey Ustinov
University of Karlsrhue

Jeroen Van Den Brink
Dresden University of Technology

Ruggero Vaglio
University of Napoli Federico II
& CNR-SPIN

International AdvisoryBoard 
at Dec. 31, 2014



SPINScientificReport 2014 -2015

Community

pag. 6  



SPINScientificReport 2014 -2015

People

pag. 7  

Community



SPINScientificReport 2014 -2015

Researchers

Antonio Ambrosio (NA)
Carmela Aruta (RM)
Paolo Barone (AQ)
Mario Barra (NA)
Emilio Bellingeri (GE)
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Office of Administrative and Technical  Support to the SPIN Institute  established in Genova 
(shared with CNR NANO and IOM Institutes)

Recruitment of Temporary 
and Atypical Staff

Matilde Bolla
Piero di Lello
Fabio Distefano
Marco Punginelli
Liliana Sciaccaluga

General Services Alberto Arnone
Marco Campani 
Paolo Ciocia 
Josè Carlos De Almeida Nunes Manganaro
Maria Carla Garbarino

Legal Services 
Institutional Provisions

Management of Tenders and Contracts

Enrico Camauli
Monica Dalla Libera
Danilo Imperatore

Fund Raising
Funded Projects

Technology Transfer

Elisabetta Narducci

Barbara Cagnana
Paola Corezzola 
Francesca Fortunati
Tatiana Marescalchi

Roberta De Donatis

Italian, EU and International Projects

Industrial and Institutional Agreements

Scientific Support 

Office Deputy Director Marco Campani
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SPIN belongs to the CNR Physical Sciences and Technologies of the Matter Department

(www.dsftm.cnr.it)directed by Dr Corrado Spinella, and includes the following locations:

GE

SA

AQ

RM

NA

Corso F.M. Perrone, 24
16152 Genova, Italy

Genova(headquarter) - mainfocus: superconductivity, innovative materials

Universityof Genova

DeputyDirector: Daniele Marrè

Universityof Napoli Federico II
PhysicalScience Department

CNR Area 3, Pozzuoli

Napoli - mainfocus: superconductingdevices/oxideand organicelectronics

Deputy Director: 
Giovanni Piero Pepe

Salerno- mainfocus: superconductivityand magnetichybrids

Universityof Salerno
PhysicsDepartment

DeputyDirector: Antonio Vecchione

[Ω!ǉǳƛƭŀ- mainfocus: ferroicsand multiferroics

Universityof [Ω!ǉǳƛƭŀ
PhysicsDepartment

DeputyDirector: Gianni Profeta

¦ƴƛǾŜǊǎƛǘȅ ƻŦ ά¢ƻǊ ±ŜǊƎŀǘŀέ 
¦ƴƛǾŜǊǎƛǘȅ ƻŦ ά[ŀ {ŀǇƛŜƴȊŀέ

Deputy Director: Carmela Aruta  

Roma- mainfocus: oxidethin films/opticalproperties

http://www.newsabruzzo.it/wp-content/uploads/2011/05/univ-laquila.jpg
http://www.newsabruzzo.it/wp-content/uploads/2011/05/univ-laquila.jpg
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Genova

Corso F.M. Perrone, 24
16152 Genova
Ph.  +39 010 6598750
Fax +39 010 6506302

direttore@spin.cnr.it
segreteria@spin.cnr.it

University of Napoli Federico II 
c/o Department of Physics 
Via Cintia 
80126 Napoli

gpepe@na.infn.it

University of Salerno 
c/o Department of Physics
Via Giovanni Paolo II, 132 
84084 Fisciano (SA)

antonio.vecchione@sa.infn.it

Napoli

Salerno

¦ƴƛǾŜǊǎƛǘȅ ƻŦ [Ω!ǉǳƛƭŀ
c/o Department of Physics
Via Vetoio Località Coppito
67100 L'Aquila

gianni.profeta@spin.cnr.it

[Ω!ǉǳƛƭŀ

University of Roma La Sapienza
c/o Department of Physics
Piazzale Aldo Moro, 2
00185 Roma

carmela.aruta@spin.cnr.it

Roma
University of Roma Tor Vergata
c/o Department of Physics
Via Della Ricerca Scientifica, 1 
00133 Roma
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Research Lines

¢ƘŜ wŜǎŜŀǊŎƘ [ƛƴŜǎ  ŀǊŜ ƻǊƎŀƴƛȊŜŘ ƛƴǘƻ ŦƛǾŜ ά!ŎǘƛǾƛǘƛŜǎέ Υ 

1. Materialsandmechanismsof superconductivityand its power applications

(Activityleader: AndreaMalagoli)

3. Cooperativephenomenain advancedmaterialswith magneticand/or dipolar electricordering

(Activityleader: Mario Cuoco)

2. Superconductiveandhybrid quantum nanostructuresanddevices

(Activityleader: ProcoloLucignano)

5. Dynamical, electronic and transport properties of complex systems and functional

materials

(Activityleader: GiovanniCantele)

4. Functionalmaterialsandnoveldevicesfor electronicsandenergyapplications

(Activityleader: EmilioBellingeri)
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The activity mission is focusedon the study of superconductivityand its power applications. The
researchis carried out by Genovaand Salernounits, which shareseveralskills and expertise. The
Genovaunit is mainlyactiveon the preparationof superconductingmaterialsin form of bulks,films
andwiresandtheir characterization. TheSalernounit ismainlydevotedto the investigationof pinning
mechanisms,whichmaybe of significantinterestfor technologicalapplication.
During this last period, in Genova,severalresearchactivities related to Fe-basedsuperconductors
involvedour scientificcommunity. Thestudyof the basicpropertiesof suchnew superconductorsled
to remarkableresults,amongthem: a) the identification of a strongmagnondrag effect, which is a
direct evidenceof the chargecarriers-spinwavescouplingin unconventionalsuperconductorsin the
parentcompoundsof the 1111phase; b) new insightsabout the interplayamongthe lattice, spinand
orbital degreesof freedom in La(Fe1-xRux)AsOand La(Fe1-xMnx)AsOphases. The Image and Data
AnalysisGroupdevelopedcomputationaltechniquesbasedon inverseproblems,pattern recognition
and image processingtheory for automatic processingSTM images of FeSexTe1-x thin films.
Remarkableresultscamealsofrom the applicativesideof our research. Forthe first time in Europe,a
superconductingFe-basedtape (Ba-122) wasrealizedandthe crucialpointsof the possiblescalingup
of the processwere analyzed. A new scalableprocessfor the realizationof high-performanceBi-2212
wires wasdeveloped,which shouldboost their applicationin high field magnets. A pilot systemfor
the fabricationon largerscaleof nano-sizedMgB2 precursorswasdevelopedaswell.

.

AndreaMalagoli (andrea.malagoli@spin.cnr.it)

C. Bernini, V. Braccini,C. Ferdeghini,A. Gerbi, G. Grimaldi,G. Lamura,A.
Martinelli,A.M. Massone,I. Pallecchi,A. Varlamov,M. Vignolo.

F. Canepa,M.R. Cimberle,P. Dore,U. Gambardella,P. Manfrinetti, A. Nigro,
S. Pace,M. Pani,M. Piana,M. Polichetti,M. Putti,A. Siri,P. Romano.

Associate Researchers

Researchers

Activity leader

Superconductivityat SPIN: from single crystal to
multifilamentary wires for applications. On the
right the new cryogenicsystemat SPIN-GEfor high
critical current measurementsin variablemagnetic
field andtemperature.

The researchin Salernofocusedin particular on the
studyof the current stabilityandthe phasediagramof
mesoscopic superconductors: it was proved that
confinedvortexdynamicresultsin a limiting maximum
velocityfor the Abrikosovlattice. Pinningpropertiesof
the optimal doped compound were investigated in
NCCOthin film: the analysissuggeststhe presenceof
two possible kinds of pinning centers in such
compoundwithin a weakcollectivepinninglandscape.
Finally, Salerno unit successfullyclosed the PON
ProjectNAFASSYNAtionalFAcilityfor Superconducting
Systems,and a new laboratory Material Scienceand
TEchnology Research Lab (MASTER)was set to
measureadvancedmaterialsanddevicesin extremely
highmagneticfieldsandverylow temperatures.
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ProcoloLucignano(procolo.lucignano@spin.cnr.it)

Associate Researchers

Researchers

Activity leader

C. Camerlingo,C. Cirillo,R. Cristiano,S. DeNicola,M. Ejrnaes,F. Giubileo,M.
Lisitskiy,N. Martucciello,C. Nappi,A. Porzio,ESarnelli,M. Valentino.

A. Andreone,C. Attanasio,F. Bobba,G. Carapella,A. Cucolo,C. De Lisio,S.
Pagano,L. Parlato,G.P. Pepe,F. Tafuri,A. Tagliacozzo.

There are also two research lines
closer to optics, one on entanglement
and quantum properties of optical
systems, and one on photonic
metamaterials both sharing the
commonroot of άǉǳŀƴǘǳƳŎƻƘŜǊŜƴŎŜέ
with the bulkof the project.
Theoretical modeling aims at
understanding our experimental
findings, and designing/engineering
novel experimental proposals. It is
mostly based on analytical and
numerical description of super-
conducting hybrid systems in low
dimensionsand, in general,appliesthe
techniques of mesoscopic quantum
electrontrasnportto the systemsunder
investigation.

Theactivityfocuseson fundamentalandappliedtopicsin superconductingelectronics.
Superconductingdevicesare adopted as a fertile playground to attack fundamental issuesin
physics,suchasmacroscopicquantumtunnelingor topologicalphasesof matter. Thesamedevices,
arestudiedasbuildingblocksfor future quantumelectronicdevicesand/or for novelsensors.
The superconducting materials can either be conventional s-wave BCS or unconventional
superconductors,e.g. cupratehighcriticaltemperatureor iron basedsuperconductors.
We study a wide number of devicesincludingconventionalJosephsonjunctions,hybrid structures
involvingunconventionalmaterialsactingasάƴƻǊƳŀƭέbarrier or nanowireshapedsuperconductors
(mostly studiedfor singlephotondetectors).
Barrier materials can be conventional metal-oxides, semiconductors, topological insulators,
ferromagnetsandother innovativematerials,asgrapheneor nanowireswith spinorbit interaction.
Most of the people are involved in experimental researches, mainly carrying transport
measurementsat low temperatures(rangingfrom few tensof mKto someYΩǎύ. Suchmeasurements
can alsobe done in the presenceof electromagneticradiation, rangingfrom visible to microwave
wavelengths.
Local microscopy and noise measurementsare also performed, as well as magneto-optical
characterizationsandopticalpumpandprobespectroscopies.
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a) Widthsof Switchingcurrentdistributionsin SFSjunctions,showing
MQT, Nat.Comm. 6, 7376 (2015); b) High-angle Fe(Se,Te)bicrystal
grain boundaryjunctions,APL104, 162601(2014); c) Powerspectral
densityof 1/f noisein ultrathin Cusamplesshowingthe crossoverto
the weaklocalization,ScientificReports5, 10705(2015)

a) b)

c)
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Mario Cuoco(mario.cuoco@spin.cnr.it)

A.Ciattoni, R.Fittipaldi, P.Gentile, A.Marino, F.Miletto, D.Paparo,S.Picozzi,
A.Stroppa,V. Tkachenko,A.Vecchione,X. Wang

G.Abbate, S.Amoruso, G.Ausanio, R.Bruzzese, P. Calvani, V.Iannotti,
L.Lanotte,L.Marrucci,P.Maselli,C. Noce,A. Nucara,L.Ottaviano,G.Profeta,
A. Romano,U.Scottidi Uccio

3. Cooperative phenomena in advanced materials with magnetic and/or 
dipolar electric ordering

Theoreticalmodelingbasedon ab-initio and many-
body methodologieswith analyticaland numerical
techniques are employed to face the quantum
complexity of systems with strong electron
correlation. The main effort is devoted to the
determination of the structural, magnetic,
electronic and magneto-electric properties. The
synergy between the computational and
experimentalresearchactivitiesismuchrelevantas
it allows to get an accurate description of the
propertiesin bulk materialsaswell as in thin films,
surfaces and interfaces of oxides based on
transitionmetals,this allowsa deepinsightinto the
mechanisms that mark the behavior of
multifunctional materials, such as multiferroics,
correlatedspin-orbital-latticesystemsat large,etc.

Schematic representation of the coupling between spin, 
charge and orbital degrees of freedom.

The present researchdeals with the synthesis,the analysisand the modelling-computation of
materialswherethe couplingof spin,charge,andorbital degreesof freedom,asdueto the electron-
electronandelectron-lattice interaction,leadsto electricalandmagneticunconventionalproperties.
Theresearchhasbeenfocusedon systemswherethe propertiesdependon cooperativephenomena
of coexistenceand/or competitionof different typesof orderings.
Systemsof interestsare grown asthin films andsinglecrystals. Thekeyaimsin the synthesisare to
achievecontrolledinterfacesin epitaxialheterostructures,nano-particlesby meansof laserablation
with ultra short pulsesand high quality single crystals. The effort devoted in the realization of
materialswith a high degreeof orientation and purity were crucialto gain a better control of the
fundamentalinteractionsthat determinethe occurrenceof different quantumcorrelatedphases.
Thepropertiesof the investigatedsystemsaretypicallycarriedout by advancedtechniquesbasedon
the interaction of radiation with matter, suchas linear and non-linear optical spectroscopy,tunnel
and atomic force microscopy,electrondiffraction and photoemission. Concerningthe thin films and
multilayersartificial systems,real-time diagnosticbasedon optical techniquesare performedto get
an atomic level control of the deposition process. This investigation is complemented by
experimentsbasedon high and low temperature and appliedmagneticfield of magnetization,ac
susceptibilityanddcmagnetoresistance,current-voltagecharacteristic,etc.

Associate Researchers

Researchers

Activity leader
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EmilioBellingeri(Emilio.Bellingeri@spin.cnr.it)

A. Ambrosio,C. Aruta,M. Barra,F. Bisio,R. Buzio,V. FogliettiA.Gerbi(50%), A.
Kavokine,R. Moroni, P. Orgiani, I. Pallecchi,L. Pellegrino,S. Lettieri, M.
Salluzzo.

Studieson materials at the nanoscaleare also
addressed to the development and
characterizationof magnetic nanoparticles and
realization and Investigationof mechanicaland
electricalmemoryeffectson oxide-basedMEMS.
About energy related materials, engineeringof
materials and or heterostructures with high
proton/ion conductivity for application in micro-
Solid Oxide Fuel Cells are studied, as well as
plasmonic resonances of transition metal
nanoparticles for photovoltaic cells absorption
enhancement. For termopower application the
role of quantum confinement in enhancing
thermoelectric properties in oxides materials is
studied.

Firstobservationof quantumoscillationin the thermoelectric
properties of 2DEG in ZnO/(Zn,Mg)O high mobility
heterostructure

Theresearchon transitionmetal compoundsandorganicmaterialswhosepropertiesare appealingfor
applicationsin electronicsandenergyare the main objectivesof this researchline. Theactivity canbe
resumedin four maintasks:
1 ) Preparationandstudiesof thin film of transitionmetalscompounds( oxides, chalcogenides, .. ) and
of organicor hybridcompoundsfor applicationsin the fieldsof electronics, spintronicsandenergetics.
2 ) Studyof interfacephenomenain heterostructures ƻŦfunctionalmaterials.
3 ) Innovativedevicesfor applicationsin electronics,optoelectronics,spintronics,sensorsandenergy
4) Realizationand study of nanostructured materials with properties artificially controllable by
optimizingthe morphologyat the nanoscale.
In particular,a largeeffort is devoted to the investigationof: interfacialpropertiesboth in transition
metal oxide heterostructures (SrTiO3-based and ZnO-based heterostructures) and in organic
multilayers; investigationof ferromagneticand ferroelectricpropertiesof multiferroic films; study of
electronic and magneto-electronic properties of manganite and cuprate thin films and
heterostructures. Chargetransport andtrappingphenomenain organicsemiconductorsand interfacial
electronic phenomenain organic-organic and organic-inorganicheterostructuresare studied in the
frameworkof organicelectronics.

G. Ambrosone,G. Balestrino,F. Bloisi,L. Braicovich,R. di Capua,A. Cassinese,
D. Di Castro,G. Ghiringhelli,G. Costa,M. Ferretti, P. Maddalena,L. Maritato,
D. Marré,S. Siri,A. Tebano,R. Vaglio,L. Vicari.

Associate Researchers

Researchers

Activity leader
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GiovanniCantele(giovanni.cantele@spin.cnr.it)

A. Braggio,A. Fierro,P. Solinas.

V. Cataudella,R. Citro,A. Coniglio,A. DeCandia,G. DeFilippis,M. Nicodemi,
D. Ninno,C.A. Perroni,M. Sassetti.

-Electronicpropertiesof complexinterfaces.
Using first principles approaches the
microscopic properties of complex
semiconductor-semiconductor and metal-
semiconductor interfaces have been
unravelled. In particular, the role of
stoichiometry,as a new degreeof freedom
for tuning interface barriers, has been
highlighted.
-Statistical mechanicsof complex systems.
Molecular dynamics simulations have
revealed the mechanisms of sol-gel
transitions in polymeric suspensionsas well
as is systems of interest for biomedical
applications.

Schematicview of thermoelectricdevicesbasedon
(top panel)a normal metal-ferromagneticinsulator-
superconductor junction and (bottom panel) a
molecularjunction.

Thisresearchline hasbeenfocusedon advancedpropertiesof complexmaterialsand deviceswith
new functionalities,highlightingpossibleapplications,suchas (nano)electronics,thermoelectricity
andenergyconversion,(nano)electromechanics. Thetheoreticalmethodsencompassfirst-principles
calculations,effective model Hamiltoniansfor the study of electron-phonon effects and quantum
transportin innovativedevices,statisticalmechanics.
-Ultrafast optical responsein highly correlated materials. Models basedon the Hubbard-Holstein
Hamiltonian show that the cooperative photoexcitation of the electronic and other (bosonic)
degreesof freedomin a charge-transferinsulatorsuchasLa2CuO4Ҍ,ɻ drivesthe formationof itinerant
quasi particles, that in turn lead to an effective renormalizationof the charge-transfer gap. The
predictionsmatchexperimentaloutcomeson this classof materials.
Electron-vibrationeffectson the thermoelectricefficiencyof molecularjunctions. Thesearchof new
efficient materials for energy conversionhas encompassedthe possibility of controlling material
properties by reducing their dimensions,eventually reaching the molecular limit. Appropriate
models have been able to point out that the junction thermoelectric efficiency is substantially
reducedby the electron-vibrationcoupling.
-Thermal and transport effects in low-dimensionalmaterials and topological insulators. Several
theoreticalapproacheshavebeenemployedto explainthe electrontransport in hybridnanosystems
and junctions, as well as in topological materials under external voltage and time-dependent
potentials. Accurateanalyseshaveshownthe possibilityof heat transport,storageandmanipulation
in quantumsystems.

Associate Researchers

Researchers

Activity leader
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Thin film deposition 
laboratory

The ResearchUnit of Genovahas a large amount of scientific equipment allowing preparation of
different materialsin bulk,wire, tapeandthin film form, aswell asmorphological,structuralmagnetic
and transport properties characterization. The UOSown also a Helium liquefier allowing L-HE
productionof about15 litersper hour anda setupfor Hegasrecoveryandstorage.
Mainequipmentsin SPIN-GenovaLaboratoriesare:
Bulkand(nano)powderspreparation
Different chemicallaboratoriesequippedfor synthesisof different materialsby solid state reactions
andchemicalcharacterization.
SuperconductingWiresandtapes
Rolllingand Drawingmachinesallowingthe realizationof tapesand wires on kilometer length scale
usingthe powderin tube technique. Variousfurnacesin different controlledatmosphere
ThinFilmDeposition
Two excimer lasersand one Nd:YAGlaser, two PLDsystemswith multitarget carouseland RHEED
tools for in situ monitoring of the growth. One mixed MBE/PLDsystem,severaleffusive cells for
transitionmetaldeposition. Thelabown alsoanink-jet printer for low costmaterialdeposition
Devicefabrication
Cleanroom equippedwith optical lithographyfacilities,DCsputteringsystem,AFMnanolithography
system,supercriticaldrier system.
ScanningProbeMicroscopy
AtomicForceMicroscopeandLowTemperatureScanningTunnelMicroscopeallowinginvestigationof
morphologicalandfunctionalpropertiesof thin filmsanddevices.
OpticalSpectroscopyandtransportandmagneticpropertiesmeasurements
Variable temperature MOKEsystem, Spectroscopicellipsometry, 2 Squid systems for magnetic
characterizationand a PhysicalProperties Measurement System by Quantum Design, several
cryostatsfor electrical,thermoelectricalandthermaltransportpropertiesmeasurements.

Low Temperature 
Scanning Tunnel 
Microscope

Deformation Laboratory 

Main experimental facilities
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Main experimental facilities

Napoli

TheUOS-Napolihasa considerablesetof scientificequipmentcoveringthe followingareas: advanced

thin films deposition,micro- and nano-patterning,structural/morphologicaland electronictransport

characterizationdown to ultra-low temperaturesin the presenceof high magneticfieldsor external

radiation,advancedopticalcharacterizationandspectroscopyin the wavelengthrange200- 1500nm

also time resolved, low noise electronic characterization of devices, sensors and detectors,

high/performancecalculus. Part of the equipment is located in the C.N.R. in PozzuoliCNRArea 3,

while some equipment is part of a larger pool belonging to the Department of Physicsof the

University FedericoII and is locatedin sharedlaboratories. Recentlyadvancedcryogenicequipments

have been set up in collaborationwith the SecondaUniversitàdi Napoli (SUN),and located in the

laboratoriesof CNRSPINNapoli.

Somerelevantequipmentsare:

MODAsystem: Modularfacility for oxidedepositionandin-situanalysisof epitaxialthin films;

Configurable dilution refrigerator TRITON 400operating at temperatures below 10 mKcombined with 
low noise signal lines and a rapid sample exchange mechanism;

Quanta-600FEIScanningElectronMicroscopy(SEM)with field emission(FEG)combinedwith a Raith

ElectronBeamnano-Litography(EBL)system;

Ultrafastopticalpump-probesystembasedon a Ti:Sapphirelaseramplifierdeliveringsub-100-fs laser

pulsesat a repetition rate of 1 ƪIȊand with a workingspectralbandwidthrangingbetween500 and

1500 ƴƳ.

<10mK cryogen free 
cryostat for quantum 

measurements
M.O.D.A.

Ultrafast Pump-Probe <100fs 
spectroscopy

SEM-EBL nanolitography
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Main experimental facilities

Salerno

FESEM(SigmabyZEISS)

Infraredimagefurnace

Molecularbeamepitaxydepositionsystem

Cryogen Free 
Magnet  Variable 
Temperature Insert 

TheUOSSalernohasa largeamountof scientificequipmentcoveringthe following areas: advanced

material fabrication in bulk and thin film form, structural and transport characterization,micro and

nano patterning, advancedcalculus. Some equipment is part of a larger pool belonging to the

UniversityhostDepartments(PhysicsandEngineering)andis locatedin sharedlaboratories.

Somerelevantequipmentsare:

Electronmicroscopyfacility: one tungsten/LaB6 SEM(LEOEVO50) with a secondaryelectron and

4πǉǳŀŘǊŀƴǘōŀŎƪπǎŎŀǘǘŜǊelectron detectors, EDX,WDXand EBSDanalysis; one FESEM(ʅigma by

ZEISS)with InLens,SE2 andBSEdetectors,and nano-manipulators.

Bulk: Infraredimagefurnacefor floatingzonecrystalgrowth.

Thin Films: molecular beam epitaxy system equipped with different effusive cells and ŜπƎǳƴfor

RHEEDanalysis, PLDsystem( sharedwith CNR-IOMInstitute at ELETTRA-Trieste),different sputtering

systems.

Transport:

Cryomagnetsystemsfor thermoeletric effects as well as magnetic and transport properties in

magneticfield up to 16Tanddownto the lowesttemperatureof 50mK.
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Main experimental facilities

[Ω!ǉǳƛƭŀ

Pulsed laser Deposition system 
with in-situ RHEED Diagnostics 
equipped with a multitarget 
system for oxygen deposition 
atmosphere enriched with 12% 
of ozone.

AFM coupled to 
a Quantum 
Cascade Laser 
for infrared 
microscopy 
below the 
diffraction limit.

At University of Tor Vergata, SPINlaboratory is hosted in the

EngineeringDepartment. The relevant equipmentsare devoted

to the thin films growth (mainly heterostructures and

superlatticesbasedon oxideperovskitesystems)by pulsedlaser

deposition (PLD)and their characterizationby structural and

transportmeasurements. Relevantequipmentsare:

three PLDchambers,a 3 circlediffractometerallowingreciprocal

spacemappingand two cryocoolersable to go down to 15 K are

available,one of the two cryocoolersalso equipped with an

electromagnetable to producea magneticfield up to 1 T along

an arbitrary crystallographicdirection. A recent upgradeof an

electricalmeasurementsworkstationallowsfour point transport

andI-V measurementsup to 800°Cin ovenwith quartztube with

controlledgasenvironment.

TheresearchUnit in L'Aquilaismostlycomposedby theorists. Thecomputationalresourcesused

by the SPIN-Aq researchersare predominantly located at Supercomputingcentersall around

Europe(Cineca,BarcelonaSupercomputingCenters,etc). Therefore,no specificequipment is

locatedin L'Aquila.

Roma

At University of La Sapienza, SPIN is hosted in the Physics

Department. The scientific equipments are covering the

investigation of solid-state materials, nanostructures and

biological systemsby optical spectroscopyfrom the very far-

infrared range through the mid-infrared up to the ultraviolet.

Relevant equipments are: broadband Fourier-transform

spectroscopy is the main experimental tool, but grating

spectrometers, infrared microscopes,quantum cascadelasers

andterahertzamplifier-multiplier chainsarealsoavailable.

Interferometer BRUKER 
66V equipped with a 
cryogenic apparatus for 
transmittance and 
reflectivity measurements 
down to 5 K and with an 
infrared microscope 
Hyperion-II
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Source of 
funding

Title of the project
Coordinator of 
the project

SPIN leader
SPIN UOS 
involved

Grant (ϵ)

EU H2020
UFOX - Unveiling in functional 
hybridesoxides

SPIN Salerno Mario Cuoco Salerno 180.277

EU H2020
FLARECAST - Flare likelihood and 
Region eruption forecasting

Academy of 
Athens

Anna Maria Massone Genova 135.500

EU H2020
To BE - Towards an Oxide-Based 
Electronics 

SPIN Napoli Fabio Miletto Napoli 330.000

EU fp7
SUPER-IRON - Exploring the potential 
of Iron-based Superconductors 

SPIN Genova Marina Putti Genova 493.912

EU fp7

IRON-SEA - Establishing the basic 
science and technology for Iron-
based superconducting electronics 
applications

IFW Dresden Sergio Pagano Salerno 287.110

EU fp7
CNTQC - Curvednanomembranesfor 
topologicalquantum computation

IFW Dresden Paola Gentile Salerno 308.220

EU fp7
COHEAT - Coherent heat and energy 
transport in quantum system -

SPIN Genova
Alessandro Braggio
Paolo Solinas

Genova 100.000

CNR Bilateral
Projetc

Scientific cooperationCNR - BAS 
(Bulgaria)

- Salvatore Amoruso Napoli 12.000

CNR Bilateral
Project

Scientific cooperation CNR - RA 
(Romania)

- Alessandro Stroppa L'Aquila 11.400

CNR Bilateral
Project

Scientific cooperation CNR - CNRS 
(Francia)

- Procolo Lucignano Napoli 15.000

CNR Bilateral
Project

Scientific cooperation CNR - BAS 
(Bulgaria)

- Massimiliano Polichetti Salerno 12.000

MAE 
Italy/ Israel

IMESS - Improved MgB2 wires for 
energy storage in liquid hydrogen 
cooled superconducting coils

SPIN Genova Maurizio Vignolo Genova 66.000

MAE 
Italy/Japan

Joint research projects within the 
executive programmeof cooperation 
in the field of science and technology

- Luca Pellegrino Genova -

Other
Joint Laboratory CNR - NTU 
Singapore on Amorphous materials 
for energy harvesting applications

CNR ςNTU Annalisa Fierro Napoli 50.000
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SPIN Active Projects ςNational funds

Source of 
funding

Title of the project
Coordinator of 
the project

SPIN leader
SPIN UOS 
involved

Grant (ϵ)

MUR PRIN
Oxides interfaces: new emergent 
properties, multifunctionalityand 
devices for electronics and energy

Università di 
Napoli

Silvia Picozzi
L'Aquila
Salerno
Napoli

197.277

MIUR FIRB 
Accordi di 
progr.

Nanostructured oxides: 
multifunctionalityand application

Università Milano 
Bicocca

Ruggero Vaglio
Daniele Marrè

Genova
Napoli
Salerno

220.360

MIUR FIRB 
Accordi di 
progr.

Molecular nanomagnetson metal 
and magnetic surfaces for 
applications in molecular 
spintronics

Università di 
Firenze

Silvia Picozzi L'Aquila 242.611

MIUR FIRB
Futuro in 
Ricerca 

Unjamming transition in granular 
and seismic precursor materials: 
theory, experiments and 
simulations

SPIN Napoli Massimo Pica Ciamarra Napoli 209.990

MIUR FIRB
Futuro in 
Ricerca 

Hybrid superconductor-
semiconductor nanostructures: 
nanoelectricapplications, 
topological properties, correlation 
and disorder

Università di 
Napoli

Alessandro Braggio
Procolo Lucignano

Genova
Napoli

414.623

MIUR FIRB
Futuro in 
Ricerca 

COCA - Coherentcaloritronicsin 
mesoscopicsuperconducting
circuits

CNR - NANO Paolo Solinas Genova 251.292

MIUR 
Premiali 
Grant

Integrated and eco-sustainable 
technologies for production, 
storage and use of energy

CNR
Valeria Braccini
Gaia Grimaldi

Genova
Salerno

188.833

MIUR 
Premiali 
Grant

Magnetic and superconducting 
materials and devices for sensing 
and ICT

CNR Giampiero Pepe Napoli 47.000

MIUR 
Premiali 
Grant

Beyond the classic limits of 
measurement

INRIM Giampiero Pepe Napoli 25.000

MIUR 
Premiali 
Grant

EOS - Organic electronics for 
research innovative 
instrumentation 

INFN
Antonio Cassinese 
Renato Buzio
Andrea Gerbi

Napoli
Genova

225.000

PON 

New nanotechnological strategies 
for the development of drugs and 
diagnostic tools directed towards 
surrounding cancer cells

Biogem Scarl Giampiero Pepe Napoli 102.000
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Projects & Grants

Source of 
funding

Title of the project
Coordinator of 
the project

SPIN leader
SPIN UOS 
involved

Grant (ϵ)

Fond. 
CARIPLO

MAGISTER - Magneticinformation 
storagein antiferromagnet
spintornicdevices

Politecnico di 
Milano

Alessandro Stroppa L'Aquila 77.000

Regione 
Campania 
L.5

Electronic reconstruction at STO / 
LAO interface of interest for 
microelectronics

SPIN Napoli Marco Salluzzo Napoli 14.000

Regione 
Campania 
L.5

The role of interfaces in magnetic 
oxides with strong electron 
correlation: manganite 
heterostructures

SPIN Napoli
Antonio Carmine 
Perroni

Napoli 14.000

Regione 
Campania 
L.5

Superconductivity in Nano-systems: 
macroscopic quantum effects in 
nanostructured superconducting 
devices

SPIN Salerno Pasquale Orgiani Salerno 8.000

Regione 
Campania 
L.5

Deposition and characterization of 
n-type organic films for electronic 
applications

SPIN Roma Carmela Aruta Roma 8.000

Regione 
Campania 
L.5

Optical second harmonic 
generation for the study of 
conductive interfaces between 
insulating oxides

SPIN Napoli Lorenzo Marrucci Napoli 15.000

Regione 
Campania 
L.5

Interface states and competition 
between ordered phases in 
eutectic oxides with perovskite 
structure

SPIN Salerno Sandro Pace Salerno 15.000

Regione 
Campania
PO FESR 

SIMAC - Innovative system for 
continuous environmental 
monitoring

Filippetti Spa XuanWang Napoli 60.000

Regione 
Campania
PO FESR 

Production of laser systems in the 
violet and the near-IR spectral 
region for the printing industry 
using solitonwaveguides in 
photonic crystals

MetodaSpa Alberto Porzio Napoli 27.840

Regione
Campania

New/upgraded equipment and 
infrastructures

Giampiero Pepe
AntonioVecchione

Napoli
Salerno

273.000

Internal
Funds

EUCAS - Strengthening of applied 
superconductivity activities

SPIN Genova Maurizio Vignolo Genova 168.616
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Projects & Grants

Typologyof Activity SPIN leader
SPIN UOS 
involved

Grant (ϵ)

CongressSponsorships Filippo Giubileo Salerno 22.500

Testingand laboratorymeasurements
Rosalba Fittipaldi
Cristina Bernini,Andrea Malagoli

Salerno
Genova

94.000

Research Contract with CNISM XuanWang Napoli 140.000

Research Contract with ENEA - SMARTAGSRuggero Vaglio Napoli 248.050

Research Contract with ENEA Umberto Gambardella Salerno 10.550

Research Contract with CIEMAT Umberto Gambardella Salerno 10.000

Research Contract with ALA Srl Anna Maria Massone Genova 40.000

Research Contract with IMC Srl Sergio Pagano Salerno 14.640
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Project objectives

Curved nanomebranes for topological Quantum Computation

CNTQC

EC funds

FP7 - ICT-2013 - C

University of Groningen

Majoranafermions- particlesthat are their own antiparticles- are at the
heart of topologicalquantumcomputation.
Although the solid-state-devicesso far proposed to detect such states
consistof rather "conventional"building blocks,the actual experimental
observationof Majoranamodesis still the biggestchallengein the field.
The experimentaldifficulty stemsfrom a delicate fine-tuning of intrinsic
materialspropertiesandexternalquantities.
Theaim of the CNTQCproject is to overcomethesehurdlesby designing
novel three-dimensionalnanoarchitecturesin which the curvedgeometry
can act as an effectivequantum tuning knob to regulate on demand
the required physical ingredients for the generation of bound
Majorana fermions. The feasibility of this concept is rooted in the
theoretical observation that by inducing curvature in a
nanomembrane, a tunable spin-orbit coupling for the electrons is
generated.
Themainobjectivesof the projectare:
ωTo fabricate curved nanomembranesof conventionalsemiconductors,
metallicand superconductingmaterialswith curvatureradii down to tens
of nanometers.
ωTo establishthe fundamentaleffect of a curvedspaceon spin-orbit and
electron-phononinteractionsin different geometriesboth in conventional
semiconductorsandsuperconductingmaterials.
ωTomeasurethe influenceof curvatureon the spin-orbit interactionwith
smoking-gun spin transport experiments,in order to designnovel curved
three-dimensionalspintronicnanodevices.
ωTo investigate the effective άǘƻǇƻƭƻƎƛŎŀƭέsuperconductingregime in
strongly curved s-wave superconductivenanomembranesand to detect
experimentally the curvature-induced generation of Majorana bound
states.

Paola Gentile, SPIN SA

SEM images of a 3D groove-like 
architecture with large curvature 
(from the project website 
http://www.nano2qc.eu) 

Leibniz Institute for Solid State and Materials Research Dresden

Title

Acronym

Source of funding

Project Coordinator

Other partners

Specific funding program

SPIN Coordinator
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Title

Acronym

Source of funding

Project Coordinator

Other partners

Project objectives

Coherent caloritronics in mesoscopic superconducting circuits

CoCa

MIUR National funds

FIRB Futuro in Ricerca 2013

CNR-NANO, Pisa

The project aims at strengtheningour understandingof phase-coherent
heat transport in mesoscopicsuperconductingcircuits and at developing
new strategiesfor exploiting it in new coherent caloritronic devices. In
analogy to electronics, caloritronics encompassesthe techniques for
controlling,measuring,distributing,storingandconvertingheatόάŎŀƭƻǊέin
Latin). Caloritronic devicesallow to manipulate the heat transport by
controllingthe superconductingphasethoughthe externalmagneticflux.
The project has a twofold approach. The CNR-SPINunit will develop the
theoretical framework necessaryto the design of innovative and more
efficient caloritronicdevices. Thesedeviceswill then be implementedand
experimentallytested in the facilities of the CNR-NANOunit. Sincethe
CoCaproject started,the collaborationbetweenCNR-SPINandCNR-NANO
hasconstantlybeingstrengthened.
On the theoretical side,the most interestingresultsachievedso far have
been the proposal for a JosephsonRadiation Comb, a Microwave
JosephsonRefrigerator and thermal transistor and memory. The first
allows us to to generate sharp and accurate voltage pulses with
metrologicalapplications. Thesecondone with time dependentmagnetic
flux allowsusto activelytransportheat betweentwo superconductorsand
cool one of them. The high cooling performances,the scalability and
simplicity in the control of the deviceopen the way to its use for many
coolingapplications.
Thethermal transistorwould allowusto storeandmanipulateinformation
in termsof bits of heat.
Themain experimentalachievementshavebeen the implementationof a
double-loop SQUIDheat interferometer and the realizationof a thermal
diodeableto rectify the heat transportbetweensuperconductors.

Specific funding program

CNR-NANO

SPIN Coordinator Paolo Solinas, SPIN GE

(t)

Ibias

S1

2

1

S2

Josephson junction

A Superconducting Quantum 
Interference Device (SQUID) 
pierced by a time-dependent 
magnetic flux. The device can be 
used a refrigerator to cool one of 
the superconducting electrode.
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Title

Acronym

Source of funding

Project Coordinator

Other partners

Project objectives

Hybrid superconductor-semiconductor nanostructures: nanoelectronic 
applications, topological properties, correlation and disorder 

HybridNanoDev 

MIUR National funds

FIRB Futuro in Ricerca 2012

- -

Thegoalof this project is to designandstudydeviceprototypesbasedon a
nano-hybrid quantum architecture encompassingsuperconductorsand
semiconductors. Nanotechnologiesprovide a unique way to link the
superconducting and semiconducting materials, combining the
complementarypropertiesand realizingnew functionalities. Thestudy of
hybrid nano deviceshas a strong impact both on fundamental and on
appliedphysics,respondingto oneof the most recent issuesin condensed
matter physics: the ability to measure and manipulate complex
particles/electronicexcitations.
Superconductor-semiconductor nanostructures are the key ingredient
towards the superconductingtransistorand they are very promisingfor a
variety of applications ranging from low-power spintronics to ultra-
sensitive detectors in the THz regime and quantum information.
The project aims at 1) understandinghow superconductingcoherence
propagates in one-dimensional barriers and acrossΨǎƳŀǊǘϥinterfaces
composed by unconventional superconductorsand nanostructures; 2)
definingtheoreticallyandexperimentallysignaturesof Majoranafermions
and of topological protected states, both substantially driven by
correlations,out-of-equilibriumconditionsanddisorder.

In these years,we have studied transport of charge,spin and energy in
structures based on conventionaland unconventionalsuperconductors,
with barriers composedof semiconductingnanowires (InAs, InSb, InP),
ferromagneticinsulators,normal metals as well as flakesof grapheneor
topologicalinsulators(Bi2Te3 andSb2Te3). Also,the couplingwith the two-
dimensional electron gas at the LaAlO3/SrTiO3 interface has been
approachedandcharacterized.

Specific funding program

University of Naples

SPIN Coordinator Alessandro Braggio SPIN GE- Procolo Lucignano, SPIN NA

Magnetic pattern of a 
Superconductor-Topological 
Insulator-Superconductor 
junction

Topological phase diagram of 
hybrid nanoSQUID. 
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Title

Acronym

Source of funding

Project Coordinator

Other partners

Project objectives

Flare likelihood and Region eruption forecasting

FLARECAST

EC funds

HORIZON 2020

Academy of Athens, Trinity College Dublin, Università degli Studi di 
Genova, Centre National de la Recherche Scientifique, Université Paris-
Sud, Fachhochschule Nordwestschweiz, MET Office

Spaceweather can have detrimental, and in some casescatastrophic,
effects upon a multitude of technologieson which we dependas part of
our daily lives. Adversespaceweather is now known to result from solar
eruption releasedfrom the turbulent and highly complexmagneticfields
of activeregions. Understandinghow activeregionmagneticfieldsevolve
and produce these events is therefore of fundamental importance to
developaccurateand reliable space-weather monitoring and forecasting
capabilities.
This project proposesto develop an advancedflare prediction system
(FLARECAST)that is basedon automaticallyextractedphysicalproperties
of activeregionscoupledwith state-of-the-art flare predictionmethods.
Active region properties, such as area, magnetic flux, shear, magnetic
complexity, helicity and proxies for magnetic energy, will be extracted
from solar magnetogramand white-light imagesin near-realtime using
advanced image-processingtechniques. Once active region properties
havebeenextracted,they will be correlatedwith solaractivityandusedto
optimize prediction algorithms based on statistical, unsupervised
clusteringandsupervisedlearningmethods. At the end of the project, this
will enable the consortium to launch a near-realtime flare forecasting
service,the first of its kind in the world.
In this framework,the CNRpartner is leadingWork Package3όάtǊŜŘƛŎǘƛƻƴ
!ƭƎƻǊƛǘƘƳǎέύand is addressingthe computationaltask of this project by
realizing a transfer-of-knowledge process of numerical algorithms
formulated in the framework of machine-learning disciplines to the
problem of flare prediction. Among them particular focus is given to
unsupervised clustering techniques recently used for the automatic
recognitionandclassificationof Fe,Se,Teatomicspeciesin highresolution
ScanningTunnellingMicroscopyimagesof crystallattice surfaces.

Specific funding program

Academy of Athens

SPIN Coordinator Anna Maria Massone, SPIN GE

Active region detections. Each 
separately coloured contour has 
more than 25 magnetic properties 
calculated from an input pair of 
line-of-sight magnetograms 
recorded by the NASA SDO/HMI 
satellite. FLARECAST is using 
these active region properties to 
give accurate, up-to-date flare 
forecasts.

didascalia
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Improved MgB2 wires for energy storage in liquid hydrogen cooled 
superconducting coils

IMESS

MAECI National funds

Italian-Israel joint research projects

Institute of Superconductivity,Laboratory for Magnetic Measurements,
Department of Physics,Bar-Ilan University; Rafael Advanced Defense
SystemsLtd; ColumbusSuperconductorss.p.a.

Theproject is expectedto lay down the foundationsfor the development
of LH2 cooled SMES. Such SMESis expected to operate as a double-
functionenergystoragesolutionfor allowingrenewableenergygeneration
sourcesto connect to existing grids. The SMESservesfor levelling the
power added to the grid by absorbingand storing excessenergy in an
MgB2 superconductingcoil and by providingthe stored energyto the grid
whenrequired. Thislevellingoperationof the SMESis designedfor a short
time periods of seconds, time necessary to start and initiate the
conversionof LH2 combustibleinto electricenergyfor maintainingnormal,
sustainableand reliable grid operation. This conversionprocesswill be
appliedthanksto hydrogenfuel-cell or directly from LH2 combustion. Our
intent is not to evaluatethe best conversionprocessbut to improve the
MgB2 coil useful for future application. It must be pointed out that the
energydensityof hydrogenis really high but long times are necessaryfor
the systemto reachthe maximumefficiency(energyrelease). Then,during
this time the SMESis the best solution to releasethe required energyin
few seconds. This project will provide the specificationsof MgB2 wires
required for SMEScoils winding. New precursors, wire types, short
samples and demonstration coils will be made and will be fully
characterizedfor SMESoperation mode. The successof this project will
pave the way for large hydrogen cooled SMESprojects in Europe and
worldwide. Short samples of MgB2-Ti have been prepared and
characterized,in particulara studyof wiresusingDCmagnetizationloops,
static and ultra fast dynamicmagneto-optic imagingand preliminary AC
lossesmeasurementshavebeenperformed.

Specific funding program

SPIN GE

SPIN Coordinator Maurizio Vignolo, SPIN GE

Magneto-optic images of MgB2-Ti 
wire at various T.

Induction intensity (a.u.) along 
the white line into the inset.
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Integrated and eco-sustainable technologies for production, storage and 
use of energy

--

MIUR National funds

/bw άtǊŜƳƛŀƭƛέ ǇǊƻƧŜŎǘǎ

CNR- DIITET, DSFTM, DSCTM 

In order for the renewableenergyindustry to take full advantageof the
ŜŀǊǘƘΩǎresources,it is essentialthat superconductivitysolutionssuchas
wind turbine generators, SMES,current limiters and long distance
transmissionlinesbe fully developed,demonstratedanddeployedinto the
grid. Thisrequires further developmentof HTS/ MgB2 wire capabilities.
Within this project we work at the developmentand improvementof the
performancesof superconductingwires based on MgB2, Bi-2212 and
Fe(Se,Te),and on the improvementof their properties in magneticfield
andlow temperatures.
ConcerningMgB2, the focus is on the fabricationof boron nano-powders
usefulfor nanosizedMgB2 synthesisandon the progresstowardsthe large
scaleproduction. A pilot scalesystemfor nebulizationof precursorshas
beenassembled,aswell asa reactionchamberfor the reactionof > 20 kg
of reagentsand a purification systemfor large amountsof product. The
preliminaryresultsshowthat we canreachthe productionof about1 kgof
boron.
We developed an innovative technique for the fabrication of Bi-2212
multifilamentaryround wireswhich is consistingof a proper alternationof
drawing and groove-rolling steps, with the aim of obtaining denser
conductorswith highcurrentdensitieshomogeneousover longlengths.
Giventhe very promisingresultsin terms of Jcobtainedon the deposition
of Fe-basedthin films on technicalsubstratessuchasIBADor RABiTS,and
basedon the fact that at the relativelylow processingtemperaturesa very
limited oxidation of the metal templates is foreseen,we are developing
metallic substrates much simpler than those used for the Coated
Conductors. Cold deformation proceduressuitably alternated with high
temperature heat treatments are under study to obtain oriented Fe/Ni
alloysfor the depositionof Fe-basedthin films.

Specific funding program

CNR

SPIN Coordinator Valeria Braccini, SPIN GE

B nano-sized powders for the 
fabrication of MgB2 wires 

Dense Bi-2212 filaments within a 
multifilamentary wire
.
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OXide Interfaces: emerging new properties, multifunctionality, and 
DEvices for electronics and energy

OXIDE

MIUR National funds

PRIN

Consiglio Nazionale delle Ricerche, Univ. Napoli, Univ. Cagliari, Univ. Roma 
ά[ŀ {ŀǇƛŜƴȊŀέΣ ¦ƴƛǾΦ wƻƳŀ ά¢ƻǊ ±ŜǊƎŀǘŀέΣ ¦ƴƛǾΦ DŜƴƻǾŀΣ ¦ƴƛǾΦ {ŀƭŜǊƴƻ

The OXIDEproject aimed at tackling different aspectsof the physicsat
oxide-based interfaces, with objectives ranging from clarifying open
fundamentalissuesto exploringsomeof the more promisingfeatures in
view of technologicalapplications. In particular, the project addressed
three main interface phenomena: i) 2D electronicgases,with respect to
formation mechanisms,electrical transport properties, applications for
electronicsand for thermoelectrics; ii) interface magneticpropertiesand
spin-transport, with respectto fundamentalmechanismsand applications
within spintronics and low-power electronics; iii) interface ionic
conduction, with respect to mechanismsand properties, of possible
interest for fuel cells. A lot of attention was devoted to LaAlO3/SrTiO3

(LAO/STO)heterostructures; by meansof transport measurementsand of
techniques based on syncrotron radiation (such as X-ray Absorption
Spectroscopy(XAS),AngleResolvedPhotoemissionSpectroscopy,etc), it
was shown that it is possibleto create a 2D electron gasςspinpolarized
and superconductingςwhosepropertiescanbe modulatedvia an electric
field. Thiswas made possiblethanksto the introduction of few layersof
EuTiO3 at the LAO/STOinterface and to the related exchangeinteraction
between Eu 4f and Ti 3d electrons. Moreover, the interface between
prototypical ferromagnets and ferroelectrics, such as Fe/BaTiO3, was
studied via X-ray magnetic circular dichroism and first-principles
calculations,highlightinga new interface magnetoelectriccouplingbased
on the presenceof an oxidized iron layer whose magnetizationcan be
controlled by the BaTiO3 polarization. Electrical, thermal and
thermoelectric transport properties were investigatedin LAO/STOas a
function of temperatureand upon field-effect, showing,for the first time,
the existenceof in-gaptrap states.

Specific funding program

University of Naples

SPIN Coordinator Silvia Picozzi, SPIN AQ

Figure: a) XAS FeςL2,3 spectra on 
Au/Co/Fe/BaTiO capacitors; 
b) Fe/BaTiO3 unit cells with 
different polarization direction.
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Unveiling complexity in functional hybrides oxides

UFOX

EC  funds

HORIZON 2020, Marie Curie EF

Thepurposeof this researchproject is to get a deeperunderstandingof
the mechanismsand the fundamental interactions that control the
formation of electronic ordered phasesand the competition between
different phenomena in 4d and 3d-4d hybrid transition metal oxides
(TMO). Investigation of 4d materials, proposed here, provides new
challengesandopportunitiesςthey sharesomecommonfeatureswith 3d
systemswhichstemfrom electroncorrelations,but havein additionsubtle
sensitivity of the electronic states to the lattice structure, effective
dimensionality and, most importantly, to relativistic effects due to
strongerspin-orbit coupling. Theaimof the project is to exploit the classof
4d perovskiteruthenium oxidestogether with different 4d-3d familiesof
doped materials as a platform for exploring in a controlled way the
interplaybetweencorrelations,dimensionalityandspin-orbit effectswhen
movingfrom 4d to 3d oxides. Dopinga 4d hostwith 3d impuritiesmight be
extremelyeffective in tuning valence,spin and orbital characteristicsand,
in turn, the macroscopicphysicalpropertiesof bulkandlayeredsystems.
An ultimate goal is to exploit the variety of physicalphenomenainherited
in these classesof materials to design interfaces and heterostructures
which can show propertiesat the nanometerscalethat are qualitatively
different from their singlebuildingblocks,thus allowingto engineernovel
functionalities. Sucha rich scenariocanopen the route to the fabrication
and design of systems where novel and multiple functionalities are
coherentlynano-integrated.

Specific funding program

SPIN SA

SPIN Coordinator Mario Cuoco, SPIN SA

Perovskyte structure and 
schematic of the transition metal 
substitution

Sketch of the orbital doping 
process



SPINScientificReport 2014 -2015

Projects

Main Projects

pag. 41  

Title

Acronym

Source of funding

Project Coordinator

Project objectives

Towards Oxide-Based Electronics

TO-BE

EC  funds

Horizon 2020 ςCost Action

The TO-BE Action aimsto network nationallyand EUfunded researches
active on synthesis, analysis,modelling and applicationsof transition
metal oxides within the EuropeanResearchArea (ERA), allowing to:
define targets, strategies and methods; reduce fragmentation;
aggregatecommunities with complementary know-how; attract and
train a new generation of researchers; establisha regularknow-how
transferwith private corporationsand other stakeholders; built the future
oxide electronics community by fostering the participation of early
stage researchers and tackling gender unbalance. The Action aims to
strengthenthe innovativecapacityof EUindustry by makingqualitatively
new enablingtechnologiesaccessiblefor commercialexploitation.
TheTO-BEcommunityis todayestablishedasthe referenceEUcommunity
for fundamental studiesand for epitaxial-thin-film-basedapplicationsof
transition-metal oxides. Many of the major EUscientistsin the field have
joined the Action,either directlyof throughtheir groupmembers. Someof
them areactivelyinvolvedin the Actionmanagement.
29 COSTcountries,also includingSlovakiathat is actuallyon the way to
complete the process, have signed so far the memorandum of
understanding. Applicants willing to participate to the Action fill a
registration form. The great majority of applications are accepted.
Registeredparticipantsto date are about 300. Thisnumber getsupdated
day by day. Registeredparticipantsget includedin the mailing list where
our eventsareadvertised.

Specific funding program

SPIN NA

SPIN Coordinator Fabio Miletto Granozio, SPIN NA

Representation of the three Work 
Groups of the TO-BE COST Action

Countries participating to the TO-
BE COST Action

Other partners TO-BE participants are about 300 from 29 different EU countries and over 
50 different institutions
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Organic electronics for research innovative instrumentation

EOS

MIUR  funds

CNR Premiali Projects

Throughthe useof conjugatedpolymersand smallmolecules,in form of
crystals and nanostructured films, organic electronics allows designing
sensorsand transistorswith highly innovative features and remarkable
technological interest. Organic devices, indeed, can be fabricated by
exploitingcost-effective techniques,involvinglow-temperature processes
and being compatible with non conventional substrates (e.g. plastics,
paper, fabric, biocompatible surfaces,etc.). Thesecharacteristicsmake
organicconjugatedmaterialsparticularlyappealingfor a wide number of
companiesdealing with the fabrication of low-cost electronic systems,
featuringnegligiblemassandpower consumptionsandbeingtheoretically
capable to provide άǎƳŀǊǘŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎέto generic and traditionally-
consideredpassiveproducts(i.e. clothes,packaging,envelopes,furniture,
generalconsumergoods).
In this framework and relying on strong skill synergiesbetween CNRand
INFN(NationalInstitute for NuclearPhysics)researchers,the EOSproject is
aimed at developing complex organic electronic circuits to equip
innovative instrumentation for research in fundamental and applied
physics. To this aim, the project is basicallyfocusedon the searchof new
materialsand on the optimizationof processesfor the fabricationof high-
performanceorganicfield-effect transistorsand related analogand digital
integratedcircuits. More in detail,specificobjectivesof the projectare:
Fabrication of p and n-type organic filed-effect transistors exhibiting
mobility values exceeding 0.5 and 0.1 cm2/V on rigid and flexible
substrates,respectively;
Designand testingof organicanalog(currentsmirrors, cascodeamplifiers)
anddigitalcircuit blocks(inverters,Nandgates,flip-flop).

Specific funding program

INFN

SPIN Coordinator Antonio Cassinese, SPIN NA

Organic field-effect transistors 
fabricated on a flexible substrate

Morphology of a perylene-
diimide film deposited on plastic 
substrates

Other partners CNR- ISM, NANO, IOM, IMEM, ISMN, IMCB/IRC
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The CNRis promoting Joint Laboratoryinitiative to foster
the scientific interaction with renowned international
researchinstitutions.

there have been mutual visits between CNRand NTU,including those by M. PicaCiamarra,R.
Pastore,F. Chiarella,A. Coniglio,A. Bruno.

Mutual visits:

Participants: CNR: A. Fierro, C. Aruta, M. Barra, G. Cantele. G. Carotenuto,A. Cassinese,V. Cataudella,A.
Coniglio,A. de Candia,F. Miletto, D. Ninno, G. Pepe,C.A. Perroni,M. Salluzzo,F. Chiarella,G. De
Luca,A. Sambri,G. DeFilippis,
ENEA: E. Terzini,C. Minarini,A. Bruno,P. DelliVeneri.
NTU: M. PicaCiamarra,C. Soci,R. Singh,A. Cakir,R. Arevalo,E. Png,A. Piscitelli,C. Panagopulos

Thefirst call for joint laboratories,that aswasheld in 2014, aimedat supportinga researchof great relevancefor
the SPINInstitute, that of energy. TheNanyangTechnologicalUniversity,in Singapore,appearedasan idealpartner
in this strategicinitiative, due to its strong researchrecord in the field of renewableenergy. CNRresearcherDr.
AnnalisaFierrotherefore decidedto proposea joint laboratory focusedon the investigationof άbŜǿmaterialsfor
energyharvestingŀǇǇƭƛŎŀǘƛƻƴǎέΣin conjunctionwith NTUProf. MassimoPicaCiamarra,a former NTUresearcher.
The Italian National Agencyfor New Technologies,Energyand SustainableDevelopmentappearedas a strategic
partner and was also involved. Both CNRand NTU decided to support the proposed laboratory, and signeda
MemorandumOf Understandingto formalize their mutual researchinterests. The joint laboratory is active since
January2015.

The joint laboratory fosters the interaction between the National
ResearchCouncil,the NanyangTechnologicalUniversity,andthe Italian
National Agency for New Technologies,Energy and Sustainable
Development,in the fundamental and applied investigation of new
materials for environmental friendly energy harvesting devices, by
bringing together researchers with theoretical, experimental and
numericalexpertisein this field. The focus is on the investigationof
new materials for thermoelectricity and photovoltaics. The partners
cooperatethrough mutual visits,and through the support of research
fellowsinvestigatingtopicsof commoninterest,carryingout studyof (i)
the thermal conductivity of amorphous materials, (ii) the charge
transport processesin bulk heterojunctions, (iii) hybrid perovskite
materials, (iv) optimization of thin film deposition processesfor
electronicorganicapplications.

MassimoPicaCiamarra

AnnalisaFierro

¢ƘŜ {tLb κ b¢¦ {ƛƴƎŀǇƻǊŜ Wƻƛƴǘ [ŀōƻǊŀǘƻǊȅΥ άAmorphous 
materials for energy harvesting applicationsέ

Participants: Co-authoringin moreof 10 publications
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Project objectives and results:

Title:

Seed Project Coordinator:

Synthesis, experimental and theoretical investigation of Ca-112 a new 
family of iron based superconductors

Federico Caglieris, Genova

Theaim of this project wasthe investigationof the newly discovered
112 family of Iron BasedSuperconductors(IBS)through transport
properties. ResistivityόˊύΣmagnetoresistivity(MR), Hall effect (RH),
upper critical field (Hc2), critical current density (JC) measurements
were performed at the CNR-SPIN Institute of Genova on a
micrometric-sizesampleof Ca0.80La0.20FeAs2, patternedusingFocusIon
Beam(FIB)techniques(InsetFig. 1 (a)).

Fig. 1 a) Resistivity vs Tof a Ca0.8La0.2FeAs2 single crystal. Inset: FIB image b) Transport critical current densities Jc

Moreover we succeedin measuringfor the
first time the transport Jc in this family
reachingthe value of 105 A/cm2 at 3-5 K in
self field (Fig. 1 (b)).

CNR-SPINlauncheda call for ά{ŜŜŘtǊƻƧŜŎǘέproposals,with the aim of supportingoriginalfrontier researchprojects
by youngresearchersto be carriedout within SPIN. TheProjectsare related to the SPINactivitiesand mission. The
overall availablebudget was low (of the order of 40 Kϵ) and three projectswere supportedin the third call here
described. The Principal Investigatorsare young SPINresearchersor University associatedresearcherswith a
temporaryposition.
Thereview processwas carriedout by external refereeswith specificexpertisein the topic of eachproposaland
three projects were selectedamong17 proposals. The selectionwas basedsolelyon the scientificquality of the
project, its impacton networkingandtrainingandthe potentialof the PIandresearchteamto makeit successful.
Thecall for seedprojectsresultedan important tool for the growth of youngpeopleand for the recognitionof the
mostpromisingactivitiescenteredon the institute'smission.
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Project objectives and results:

Title:

Seed Project Coordinator:

Heat Transport in Topological Devices

Giacomo Dolcetto, Genova

Thisproject hasbeen focusedon the study of the thermal and
thermoelectric properties of topological devices,in particular
quantumHallsystemsandtopologicalinsulators.
It hasbeenshownthat the chiralityof the protectededgestates
allowsphase-coherent manipulationof heat currentsand heat
rectification. Spin caloritronics has also been investigated in
topologicalinsulators,where pure spin currentsare generated
by thermalgradients.
Therole of electroninteractionsleadingto fractionalizationand
spin-chargeseparationhasbeenstudied.

Theresultshavebeenpublishedin 5 international journalsand
presentedin conferencesandworkshops.

Fig.: Edge states allow to create and control
interference patterns which give rise to peculiar

thermoelectricproperties.

Project objectives and results:

Title:

Seed Project Coordinator:

Charge separation and charge transport in hybrid solar cells

Raffaele Pastore, Napoli

We are investigating electronic properties of organic/hybrid
hetero-junctions for photovoltaic applications. In collaboration
with the Raosgroup (Politecnicodi Milano), who introduced a
novel quantumchemicalmodel (JCTC2013), we showthat this
method isableto simulatemuchlargersystemsthan allowedby
any other quantum chemicalapproach(seeFig.). Thisleadsto
investigatethe chargedelocalizationand the excitonseparation
over the full length-scale relevant to these processes. In
addition, we are performing Monte Carlo and Molecular
Dynamicssimulationsto investigatehow the morphologicaland
dynamicalpropertiesof the active layer affect the macroscopic
chargetransport.

a) Onerealizationof the system. b) Sitecoloursdependon its chargein
the 1st excitedstate. c)P(q)over 100realizations.
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SPINis traditionallyinvolvedin industrialnetworksandclosecollaborationsbetweenresearchandindustry.

SPINisalsomemberof:
Å 2 R&DLigurianClusters: άTecnobionetέΣoperatingin the field of biotechnology; ά{ǳǎǘŀƛƴŀōƭŜ9ƴŜǊƎȅέoperatingin the

field of energy;
and, in Campania:
Å CRdCTecnologieoperatingin the fieldsof electronics,energy,innovativematerials;
Å District for Polymeric and CompositeMaterials Engineering,operating in the fields of aeronautical/aerospace,

automotive,bio-medical,polymerelectronics;
Å District for AerospaceTechnology,for developing advancedcharacterizationof composite structures for both

transportregionalaircraftandgeneralaviationairframestructure.

The{ǇƛƴπhŦŦcompanyColumbusSuperconductor
is a successfulexamplecomingfrom the research
collaborationwith ASGSuperconductorsSPAfor
the production and the commercializationof
innovativeMgB2 superconductingwires,basedon
a SPINinternationalpatent.

SPINwas also involved in the realization of an
interventionaltomographthat is currently placed
on the market by ParamedSRL. ThisR&Dactivity
wasfundedby the ItalianMinistry of Research.

SPINowns a well-selected number of patents
appealingto Industryin the fieldsof Biomedicine
andAppliedSuperconductivity.
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Superconductivity - 2014

Synthesis and physical properties of Ca1-xRExFeAs2 with RE = La ςGd 

APPLIED PHYSICS EXPRESS 7, 073102 (2014) 

Alberto Sala1,2, Hiroyuki Yakita1, Hiraku Ogino1, Tomoyuki Okada1, Akiyasu Yamamoto1, Kohji Kishio1, Shigeyuki Ishida3, 
Akira Iyo3, Hiroshi Eisaki3, Masaya Fujioka4, Yoshihiko Takano4, Marina Putti2 and Jun-ichi Shimoyama1

1Department of Applied Chemistry, The University of Tokyo, Bunkyo, Tokyo 113 8656, Japan 
2University of Genova and CNR-SPIN, Via Dodecaneso 33, 16146, Genova, Italy 

3National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Ibaraki 305-8565, Japan 
4National Institute for Materials Science (NIMS), Tsukuba, Ibaraki 305-0047, Japan 

In this studywe report the synthesisand characterizationof five new related to the Ca1-xRExFeAs2 112 iron-
basedsuperconductorswith RE= Ce,Pr,Nd, Sm,Euand Gd. Sampleswere preparedusingthe high pressure
synthesistechnique,cubic-anvil typecell,applying2 GPaand1000° C.
FromXRDanalysisthe 112 phasewassuccessfullyobservedin all samples,with someimpuritiesof FeAsand
FeAs2. From magnetic susceptibility measurementsthe Nd, Sm, Eu and Gd doped samples exhibited
diamagnetism suggestingsuperconductivity, while the Ce doped sample showed a paramagnetic like
behaviourwithout any tracesof superconductivetransition down to 2 K. Thecritical temperaturesevaluated
form the magneticsusceptibility(Tc-mag)for the La-, Pr-, Nd-, Sm-, Eu-, andGd-dopedsamplesare24.5, 13.2,
11.9, 11.6, 9.3, and 12.6K, respectively. Tc-magprogressivelydecreaseswith decreasingthe ionic radii of the
substitutedRE(Figure); Thoseresultsare in agreementwith the resistivitymeasurementstoo; suggestinga
generaldecreasingof Tcwith smallerREsubstitutedatoms. DistancebetweenFeplanes,dFeςFe, evaluatedfrom
the XRDpatternsof singlecrystalsdecreasesin agreementwith the ionic radii of the substitutedRE,only the
Eudopedsampleshowanunexpectedvalue,suggestingthe presenceof the Eu2+ ions.

Figure: d Fe-Fe, Tc - mag, and Tc ς
res(50%) asfunctionsof ionic radi of
the RE 3+ ions in a coordination
number (C.N.) of 8, for the
(Ca,RE)FeAs2 samples. Straight and
dashedlines are only guidesfor the
eyes.



SPINScientificReport 2014 -2015

Highlights

pag. 51 

Properties of high-angle Fe(Se,Te) bicrystal grain boundary junctions 

E. Sarnelli,1 M. Adamo,2 C. Nappi,1 V. Braccini,3 S. Kawale,3 E. Bellingeri,3 and C. Ferdeghini3

1CNR SPIN Napoli, Via Campi Flegrei 34, I-80078 Pozzuoli, Napoli, Italy 
2CNR SPIN Salerno, Università di Salerno, I-84084 Fisciano, Salerno, Italy

3CNR SPIN Genova, Corso Perrone 24, I-16152 Genova, Italy 

APPLIED PHYSICS LETTERS 104, 162601 (2014) 

The pairing symmetry in the new iron-based superconductorsis still matter of debate, particularly
becauseof the possibilityof the existenceof a reversingsigns+- of the order parameter. In this work, we
report on the characterizationof Fe(Se,Te)grainboundaryJosephsonjunctionsfabricatedon a 45° [001]
tilt symmetric(22.5°, 22.5°) SrTiO3 bicrystalsubstrate. We find that the IV characteristicsof theseweak
linksmaybe describedby the resistivelyshuntedjunction model,with an excesscurrent Iexcincreasing
with the junction dimensions(seeFigure). Thepresenceof an excesscurrent and the very low normal-
state resistancevaluesare typicalof superconductor-normalmetal-superconductorJosephsonjunctions,
characterizedby high-transparencybarriers. We observethat the IcRn productsof the smallestjunctions
are of the order of 30 µV, suitablefor the fabricationof dc-SQUIDs. Moreover,all the junctionson the
samesubstrateare characterizedby the samecritical current densitiesJc,of the order of 104 A/cm2,
independently of the junction width. We have developed a model describing the critical current
distribution in coplanargeometries,as is the caseof bicrystal junctions. As a result, Jc = const is in
agreementwith our model and demonstratesthe good quality of the junctions. Moreover, uniform
critical current densitiesis what is expectedin the caseof s-wavesymmetryof the order parameter(s++

or s+- indifferently). In fact, for different order parametersymmetriesthan s-wave,the high angleof the
substrateandthe presenceof facetingalongthe bicrystal

Figure: Current-voltage characteristicof 45° [001] tilt
bicrystalGBJswith different sizesmeasuredat T= 4.2 K.
In the inset, the IV characteristicof a junction 20 µm
wide showspeaksdueto flux motion.

Superconductivity - 2014
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Superconducting nanowire quantum interference device 
based on Nb ultrathin films deposited on self-assembled porous Si templates 

C. Cirillo1, S. L. Prischepa2, M. Trezza1, V. P. Bondarenko2, and C. Attanasio1

1 CNR-{tLb {ŀƭŜǊƴƻ ŀƴŘ 5ƛǇŀǊǘƛƳŜƴǘƻ Řƛ CƛǎƛŎŀ ά9ΦwΦ /ŀƛŀƴƛŜƭƭƻέΣ ¦ƴƛǾŜǊǎƛǘŁ ŘŜƎƭƛ {ǘǳŘƛ Řƛ {ŀƭŜǊƴƻΣ Ǿƛŀ DƛƻǾŀƴƴƛ tŀƻƭƻ LLΣ 
Fisciano (SA) I-84084, Italy 

2 Belarusian State University of Informatics and Radioelectronics, P. Browka 6, Minsk 220013, Belarus 

NANOTECHNOLOGY 25, 425205 (2014) 

Magnetoresistanceoscillations were observed on networks of superconductingultrathin Nb nanowires
presenting evidence of either thermal or quantum activated phase slips. The magnetic transport data,
discussedin the framework of different scenarios,reveal that the system behaves coherently in the
temperaturerangewherethe contributionof fluctuationsis important.

Left: Magnetoresistancetransitions,R(H),(left axis)andfirst R(H)derivative,dR/dH(H),(right axis)for the sample9 nm thick
grown on a poroussubstratewith pore diameter (interpore distance)10 nm (40 nm). Inset: peakspositionsHp, vs index
number,N, extractedfrom the dR/dHcurveandɲwcurveson the right. ɲIis the slopeof the best fit lines. Right: after the
subtractionof a smoothbackgroundthe R(H)curvesfor the samesamplerevealthe presenceof periodicpeaksof period
ɲIΣashighlightedby the red lines.

1. K. Arutyunov,D. Golubev,andA. Zaikin,Phys. Rep. 464, 1 (2008)
2. D. Hopkins,D. Pekker,P. Goldbart,andA. Bezryadin,Science308, 1762(2005)
3. P. K. HansmaandJ. R. Kirtley,J. Appl. Phys. 45, 4016(1974)
4. A. M. Saxena,J. E. Crow,andM. Strongin,SolidStateCommun. 14, 799(1974)
5. C. Cirillo,M. Trezza,F. Chiarella,A. Vecchione,V. P. Bondarenko,S. L. Prischepa,and C. Attanasio,Appl. Phys. Lett. 101,
172601(2012)
6. M. Trezza,C. Cirillo,P. Sabatino,G. Carapella,S. L. Prischepa,andC. Attanasio,Appl. Phys. Lett. 103, 252601(2013)
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Ubiquitous long-range antiferromagnetic coupling 
across the interface between superconducting and ferromagnetic oxides 

G.M. De Luca1, G. Ghiringhelli2, C.A. Perroni1, V. Cataudella1, F. Chiarella1, C. Cantoni3, AR Lupini3, N.B. Brookes4, M. 
Huijben5, G. Koster5, G. Rijnders5 and M. Salluzzo1
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4 European 4Synchrotron Radiation Facility, 6 rue Jules Horowitz, B.P. 220, Grenoble Cedex F- 38043, France. 5 Faculty 

of Science and Technology and MESA. Institute for 5Nanotechnology, University of Twente, Enschede 7500 AE, The 
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NATURE COMMUNICATION 5, 5626 (2014) 

Thelatestadvancementsin the atomiccontrol of oxideheterostructuresrepresentsa uniqueopportunity for the
uncoveringof unsolvedtopicsin condensedmatter physics. Usinga combinationof polarizationdependentx-ray
absorption spectroscopyand atomically resolvedelectron spectro-microscopy,we investigatedthe interplay
between superconductivity and magnetism in manganite/cuprate superconductor La0.66Sr0.33MnO3/
La1.85Sr0.15CuO4 superlattices. We found that the charge transfer of spin-polarized electrons from the
La0.66Sr0.33MnO3 ferromagnetto the CuO2 layersof La1.85Sr0.15CuO4 inducesan unusualweakferromagneticorder
in the superconductor. Thisunusualmagneticorder is associatedto the cantingof the Cu2+magneticmoments
and propagatesinside the superconductorvia the Dzyaloshinskii-Moriya interaction over distancesfrom the
interface much larger than the superconductingcoherence length. This effect modifies substantially the
magnetic correlations within and among the CuO2 planes, ultimately reducing the superconductingcritical
temperatureof the cupratelayerin the superlattice.

Figure:
Onthe left of the panelcircularx-ray beam
in the two directions from synchrotron
sourceis absorbedor diffracted from the
interfacial atoms belonging to
ferromagneticLa0.66Sr0.33MnO3 (LSMO)and
superconductor La1.85Sr0.15CuO4 (LSCO)
crystals. Onthe right of the panel,we show
at the LSCO/LSMOinterface a strong AF
coupling between Mn (red/grey) and Cu
(blue/grey)momentsisestablished.

TheDzyaloshinskii-Moriya interaction for H<2T propagatesthe antiparallelorientation of Cuwith respectto Mn far from
the interface,whereasfor H>2 Tthe externalfield establishesaparalleldirectionasin bulk LSCO.
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Probing transport mechanisms of BaFe2As2 superconducting films 
and grain boundary junctions by noise spectroscopy 

C. Barone1,2, F. Romeo1,2, S. Pagano1,2, M. Adamo2, C. Nappi 3, E. Sarnelli3, F. Kurth4 & K. Iida4
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SCIENTIFIC REPORTS 4, 6163 (2014) 

Thediscoveryof iron-basedsuperconductorshasbeenan important step forward for the understandingof
high-temperature superconductivity. In addition, iron pnictides could be used for high-field magnet
applications,resultingmore advantageousover conventionalsuperconductors,due to a high upper critical
field aswell asits low anisotropyat low temperatures. Grainboundariesare,however,the principalobstacle
in fabricatinghigh quality superconductingwires and tapes. To investigatetheseeffects, the dc transport
and voltage-noise properties of Co-doped BaFe2As2 superconductingfilms with artificial grain boundary
junctions(GBJs)havebeenmeasured. Usinga specificprocedure,the film noisecanbe separatedfrom that
of the grain boundary junctions. While the former shows a standard 1/f behaviour, the latter is
characterizedby an unconventional temperature-dependent multi-Lorentzian voltage-spectral density.
Moreover,below the film superconductingcritical temperature,a peculiarnoisespectrumis found for the
GBJ. Thepresenceof a smallnumberof fluctuatingJosephsonweak-linksseemsto be a crucialingredientto
explainthe noiseof the GBJin the superconductingstate.

(Left) Frequencydependenceof the voltage-spectral density, at three reference temperatures and at a fixed bias
current, for the strip containinga grain boundaryjunction. (Right)Temperaturedependenceof the noise frequency
exponent . Redopen squaresrefer to the strip without the grain boundary junction; blue full circlesrefer to the
intrinsicgrainboundaryjunction.
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Magneto-Seebeck effect in RFeAsO (R = rare earth) compounds: 
Probing the magnon drag scenario 

F. Caglieris1,2, A. Braggio1,2, I. Pallecchi2, A. Provino2,3, M. Pani2,3, G. Lamura2, A. Jost4, U. Zeitler4, E. Galleani 
5Ω!Ǝƭƛŀƴƻ1, P. Manfrinetti2,3, M. Putti1,2

1 Department of Physics, University of Genova, Via Dodecaneso 33, 16146 Genova, Italy 
2 Institute SPIN-CNR, Corso Perrone 24, 16152 Genova, Italy 

3 Department of Chemistry, University of Genova, Via Dodecaneso 31, 16146 Genova, Italy 
4 High Field Magnet Laboratory, Radboud University of Nijmegen NL-65000 GL Nijmegen 

PHIYSICAL REVIEW B 90, 134421 (2014) 

In this work, we carriedout a carefulanalysisof the Seebeckeffect (S)in the 1111(RFeAsO,with R=rare
earth) parent compounds with different R and different degrees of disorder. We explored the
dependenceson temperature, observinga puzzledand articulated phenomenology(Figurea)). The
multiband character of these compoundsseems to be insufficient to explain the behavior of the
thermopower. In particular we elaborateda simplified model for the multiband diffusive contribution
basedon Mott -formula, verifyingthat it ŘƻŜǎƴΩǘaccountfor the local minimum around 50 K. To study
this feature we performedsomemeasurementsof Seebeckeffect asa function of magneticfield up to
30 T (Figureb)) at the HFMLlaboratoriesof Nijmegen. TheSeebeckvaluesincreasein magnitudewith
risingthe field with a tendencyto saturationobservedat low temperature. Forthis scenariowe propose
an interpretation basedon magnon-dragby antiferromagneticspinwaves. Tosupportour thesiswe have
developeda theoretical model for AFM-magnondrag contribution, identifying a scalingbehavioras a
function of the ratio B/T, well obeyedby experimentaldata (Figurec)). Theexistenceof a dominating
magnon-drag contribution in the 1111-parent compounds is an important evidence of the strong
interactionbetweenchargecarriersandspinwaves. Within this picture the Seebeckeffect comesout to
be a privileged property which effectively probes the coupling mechanismssupposed to induce
unconventionalsuperconductivity.

Figure: a) Seebeckcoefficientcurvesof RFeAsO(R= Sm,Pr, La,Ce)polycrystals,b) Scurvesversusthe magnetic
field of theLaFeAsOsampleperformedat T= 30, 45, 60, and77 Kc) AFMmagnondragcontribution to the Seebeck
effecta{ŜȄǇό¢Σ.ύҐώ{ό¢Σ.ύҍ{ό¢Σ0)]/SDRAG(T) extractedfrom the experimentalScurvesof Fig. 1 b) andplotted asa
functionof B/T.
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Influence of topological edge states 
on the properties of Al/Bi2Se3/Al hybrid Josephson devices

L. Galletti,1,2 S. Charpentier,3 M. Iavarone,4 P. Lucignano,1,2 D. Massarotti,1,2 R. Arpaia,2,1,3Y. Suzuki,5 K. 
Kadowaki,5 T. Bauch,3 A. Tagliacozzo,1 F. Tafuri,2,6 and F. Lombardi3

1Università degli Studi di Napoli Federico II, I-80126 Napoli, Italy 
2CNR-SPIN Napoli, 80126 Napoli, Italy 

3Chalmers University of Technology, SE-41296 Göteborg, Sweden 
4Temple University, Philadelphia, Pennsylvania 19122, USA 
5Institute of Materials Science, Tsukuba, 305 Ibaraki, Japan 

6Seconda Università di Napoli, I-81031 Aversa (CE), Italy 

PHYSICAL REVIEW B, 89, 134512 (2014) 

The understandingof how superconductivitypropagatesin unconventionalbarriers has progressively
becomemore and more comprehensive,taking advantageof the possibilityof manufacturinga larger
variety of interfaces and materials. The recent introduction of topological insulators represents a
milestonefor this study. Thestandardsof proximityeffect in thesetypesof structureshaveto be settled
for a neat identificationof possiblenewentities.
In this work we present a systematicstudy of transport properties of superconductor-topological
insulator-superconductorcoplanarJosephsonjunctions. Thesedevicesare characterizedby a ballistic
coherent transport through the topologicaledgestatesof the barrier, which is expectedto generate
unconventionalproximity effects and, possibly,to signal the presenceof Majorana bound states. A
comparativestudy of Shubnikovςde Haasoscillationsand scanningtunneling spectroscopygave an
experimentalsignaturecompatible with a two-dimensionalelectron transport channel with a Dirac
dispersionrelation.
A reduction of the sizeof the Bi2Se3 flakesto the nanoscaleis an unavoidablestep to drive Josephson
junctionsin the properregimeto detectpossibledistinctivefeaturesof Majoranafermions.

(Top) Critical current as a function of the external magnetic
field in a Al/Bi2Se3/Al Josephsonjunction at 300 mK. The red
line is the referencecurveappropriatefor a smalljunctionwith
uniform criticalcurrentdensity. Theinsetshowsa sketchof the
device. (Bottom left) scanningelectron microscopyimage of
the device,and (Bottom right) atomic force microscopyof the
samedevice. The morphologyof the Bi2Se3 barrier is clearly
visible,showinganatomicallyflat surface.

[1] M. Z. HasanandC. L. Kane,Rev. Mod. Phys. 82, 3045(2010).
[2] C. Beenakker,Ann. Rev. Cond. Mat. Phys., 4:113, 2013.
[3] M. Veldhorstet al., Nat. Mater. 11, 417(2012).
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High-Tc Superconductivity at the Interface between the CaCuO2 and SrTiO3 

Insulating Oxides

D. Di Castro1,2, C. Cantoni3, F. Ridolfi1, C. Aruta2, A. Tebano1,2, N. Yang2,4, G. Balestrino1

1Dipartimento di Ingegneria Civile e Ingegneria Informatica, Università di Roma Tor Vergata,
Via del Politecnico 1, I-00133 Roma, Italy

2CNR-SPIN, Università di Roma Tor Vergata, Roma I-00133, Italy
3Materials Science and Technology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831-6116, USA

4Facoltà di Ingegneria, Università degli studi Niccolò Cusano, Rome I-00166, Italy

PHYSICAL REVIEW LETTERS, 115 (2015) 

At interfacesbetweencomplexoxidesit is possibleto generateelectronicsystemswith unusualelectronic
properties, which are not present in the isolated oxides. One important exampleis the appearanceof
superconductivityat the interface between insulatingoxides,although,until now, with very low Tc. We
report the occurrenceof highTc superconductivityin the bilayerCaCuO2/SrTiO3, whereboth the constituent
oxides are insulating. In order to obtain a superconductingstate, the CaCuO2/SrTiO3 interface must be
realizedbetweenthe Caplaneof CaCuO2 and the TiO2 planeof SrTiO3. Onlyin this casecanoxygenionsbe
incorporated in the interface Caplane, acting as apical oxygenfor Cu and providing holes to the CuO2

planes. A detailedholedopingspatialprofile canbe obtainedby scanningtransmissionelectronmicroscopy
and electron-energy-loss spectroscopyat the O K edge, clearly showing that the (super)conductivityis
confined to about 1ς2 CaCuO2 unit cells closeto the interface with SrTiO3. The results obtained for the
CaCuO2/SrTiO3 interface can be extendedto multilayered high Tc cuprates,contributing to explainingthe
dependenceof Tc on the numberof CuO2 planesin thesesystems.

Figure: STEM image of the CaCuO2/SrTiO3

interface. The white circles indicate the excess
oxygen ions at the interface Ca plane. The red
bullets indicate the holesconcentrationdecayon
goingfar from the interfacewith SrTiO3.
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Macroscopic quantum tunnelling in spin filter ferromagnetic Josephson junctions

D. Massarotti1,2, A. Pal3, G. Rotoli4, L. Longobardi4,5, M. G. Blamire3 and F. Tafuri2,4

1 Dipartimento di Fisica, Università di Napoli Federico II, I-80126 Napoli, Italy.
2 CNR-SPIN UOS Napoli, Complesso Universitario Monte S. Angelo, I-80126 Napoli, Italy.

3 Department of Materials Science and Metallurgy, University of Cambridge, Cambridge, UK.
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5 American Physical Society, 1 Research Road, Ridge, New York 11961, USA.

NATURE COMMUNICATIONS 6, 7376 (2015) 

Macroscopicquantumtunneling(MQT)is a pre-requisitefor the possibleuseof a junction in quantumcircuits
and qubits. This experiment is the first observationof MQT in superconductor(S) - ferromagnet (F) - S
Josephsonjunctions (JJs). The coexistenceof these two (S and F) ordered phasescombined to other
unconventionaluniquefeaturesasspinfilter propertiesandtriplet superconductivity,isextremelyinspiringfor
new quantum functionalities and for innovative applications. The use of Gadolinium Nitride (GdN)
ferromagneticinsulator (FI)as a barrier is the key of the CambridgeS-F-S JJsto obtain an effective tunnel
barrier able to activatespin-filtering and a seriesof magneticbehaviors. Throughmeasurementsof switching
current distributions and the expertise of the Napoli team on the quantum physicsof superconducting
junctions,we show a clear transition from thermal to quantum regimeat a crossovertemperatureof about
100 mK. Our result pavesthe way to the active use of spin filter JJsin quantum technologiesand hybrid
devices.

(a)Schematicillustrationof the spin-splittingof tunnellingbarrierheightin the GdNlayerbelowthe Curietemperature. (b)
Magneticfield pattern of a spinfilter JJ. Theblackandred curvesshowa distinctiveshift of the absolutemaximumof the
criticalcurrent,arisingfrom the hystereticreversalof the FIbarrier. (c)Measurementsof switchingcurrentdistributionsas
a function of temperature. Below100mK,the switchingdistributionssaturateindicatingthe transition to the macroscopic
quantumtunnelingregime,qualitativelysketchedin panel(d).
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An automatic method for atom identification in scanning tunnelling  microscopy 
images of Fe-chalcogenide superconductors
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C Ferdeghini*

CzNR-SPIN Institute for Superconductors, Innovative Materials and Devices, Genova, Italy
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JOURNAL OF MICROSCOPY, 260 (2015) 

We describea computationalapproachfor the automatic recognitionand classificationof atomic speciesin
scanningtunnellingmicroscopyimages. Theapproachis basedon a pipelineof imageprocessingmethodsin
which the classificationstep is performed by meansof a FuzzyClusteringalgorithm. As a representative
example,we usethe computationaltool to characterizethe nanoscalephaseseparationin thin filmsof the Fe-
chalcogenidesuperconductorFeSexTe1-x, startingfrom syntheticdatasetsandexperimentaltopographies. We
quantifythe stoichiometryfluctuationson lengthscalesfrom tensto a few nanometres.

Figure 1. Original images (top line) and the
correspondingatomicclassifications(bottom line).
In the imagesshowing the classificationresults,
red dots represent Fe, green dots represent Te
andbluedotsrepresentSe.

Figure2. Zoomedregionsof the original images(top line) and the
correspondingpopulationratios(bottom line).
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Resonant Andreev Spectroscopy in normal-Metal/thin -
Ferromagnet/Superconductor Device: Theory and Application

F. Romeo1, F. Giubileo2, R. Citro1,2, A. Di Bartolomeo1, C. Attanasio1,2, C. Cirillo1,2, A. Polcari3, P. Romano3,2
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SCIENTIC REPORTS 5, 17544 (2015)

Using the Bogoliubov-de Gennes formalism, we studied the transport properties of normal-
metal/ferromagnet/superconductordevice(Figure)in which a thin ferromagneticlayer (of the order of F˅) is
depositedon a superconductingelectrode,realizinga double-barrier structure. Thespectroscopicfeatures(i.e.
differential conductancespectra)calculatedwithin the theoreticalmodelshowa sensitivedependenceon the
thicknessand polarizationof the ferromagnet. Thispeculiarbehaviour,originatedby the resonantproximity
effect, suggeststhe possibilityto useResonantAndreevSpectroscopyon ferromagnet/superconductorbilayer
asa powerful characterizationmethod to preciselyprobe local ferromagneticproperties. Asa preliminarytest
of the theoretical expectations,we realizedpoint contact Andreevreflection spectroscopyexperiment by
pushinga metallic tip on PdNi/Nb bilayer. Differential conductancespectra for severalcontactshave been
measuredat low temperature,showinga varietyof features(e.g. ZBCP,conductancedipsat the gapedge,and
subgapstructures)not expectedin single-barrier PCARtheories. Theoreticalfittings allowed to consistently
explainall measurements. Theferromagnetthicknessandthe polarizationhavebeenestimated.

Differential conductancecurve (empty dots) and the
theoretical fit (full red line). A ferromagnetpolarization
h of 14.03%isdeducedfrom the data.

Differentialconductancemeasuredin a different sample
position; (inset) artist view of the experimental
measuringsetup.
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Effect of Doping on Surface Reactivity and Conduction Mechanism
in Samarium-Doped Ceria Thin Films 

Nan Yang1, Alex Belianinov2, Evgheni Strelcov2, Antonello Tebano1, Vittorio Foglietti1, Daniele Di Castro1, Christoph 
Schlueter3, Tien-Lin Lee3, Arthur P. Baddorf2, Nina Balke2, Stephen Jesse2, Sergei V. Kalinin2, Giuseppe Balestrino1, and 

Carmela Aruta1
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Pureand dopedCeriabasedmaterialsattracted great attention in last two decadesdue to their wide rangeof
applications,e.g. catalysts,gassensors,memristorsand micro solidoxidefuel cells. It is well known that doping
and granularityinfluencethe type of conduction,if electronic,protonic or oxygenionic. With a systematicstudy
on epitaxial thin films by electrochemicalstrain microscopyand hard x-ray photoemission,we answerto the
openquestionon how dopingaffectsthe conductionmechanismand the related surfaceactivity, suchaswater
adsorption and dissociation with subsequentproton transport in the lattice. We find that at lower Sm
concentration,thanks to presenceof Ce3+, the proton conduction is prevalent, featured by lower activation
energyand higherconductivity,which is interpreted in terms of different energylandscapesinvolvinghydroxyl
groupandoxygenionsin the crystallattice. Ourwork demonstratesthat trivalent dopingelementconcentration
must be consideredas an important factor for the designof ceria-basedsystems,helping in improving the
performanceof energystoragedevices.

ACS NANO 8, 12494ς12501 (2014) 

Hysteresisloop behavior(top-left) and area
(top-right) of the electrochemical strain
microscopy measurements at different
relative humidity, showing the effect of
proton conductionin Ce0.9Sm0.1O2 thin films,
together with the schematicrepresentation
of the proton conduction mechanism
(bottom).

References 
S. Doria et al. Appl. Phys. Lett. 103, 171605 (2013) 
Nan Yang et al. Nanotechnology 25, 075701 (2014) 
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Ballistic Transport at the Nanometric Inhomogeneities 
in Au/Nb:SrTiO3 Resistive Switches 
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Emilio Bellingeri1, Antonio Sergio Siri1,2, Daniele Marré1,2
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ADVANCED MATERIALS INTERFACES, 1300057 (2014)

Nanometer-scale alterations of the Schottky barrier represent one of the microscopic mechanisms
proposedto explain the resistanceswitchingin transition-metal oxide cells. We report on novel Ballistic
Electron EmissionMicroscopy (BEEM)experiments aimed to directly visualizeand quantify the local
inhomogeneitiesof the effectiveSchottkybarrier height on Au/Nb:SrTiO3 Schottkyjunctionsdominatedby
interfacial resistanceswitchingeffects. Thevoltage-dependentvariation of the local barrier height of the
nanometricpatchescouldexplainthe non-idealbehaviourof the resistanceswitchingeffects.

(Left) Schematicdiagramof BEEM: Thehot electronsare injected from the ScanningTunnelingMicroscopy(STM)tip
into a thin Au film (metal base)grown on Nb:SrTiO3 substrate. The electronswith an energyhigher than the local
Schottkybarrier high (SBH)travel through the Au/ Nb:SrTiO3 interface and are collectedat an Ohmiccontact at the
backsideof Nb:SrTiO3. Theenergy,locationand flux of the hot electronscanbe controlledby varyingthe tip voltage,
positionandtunnellingcurrent respectively. (Right)BEEMspectra(ballisticcurrentnormalizedto the tunnellingcurrent
vstip voltage)were acquiredover different locationsshowing(a) regionswith low transmittanceandhighSBHand(b)
hightransmittancewith lower SBH(solidlines). Thesolidline-opencirclescurvesarefits with the Kaiser-Bellmodel.
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Metal ςinsulator transition in free-standing VO2/TiO2 microstructures 
through low-power Joule heating 

Syota Yamasaki1, Teruo Kanki1, Nicola Manca2,3, Luca Pellegrino2, Daniele Marré2,3, and Hidekazu Tanaka1
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APPLIED PHYSICS EXPRESS 7, 023201 (2014) 

VanadiumDioxide(VO2) showsa largedecreaseof electricalresistanceof severalordersof magnitudeat
around340 Kwith the formation of a mixedphasecontaininginsulatingand metallicdomainsthat canbe
controlled by externalstimuli suchaselectricalbiasesor temperature. We reported multi-resistiveVO2-
basedmicrodevicesby fabricatingfree-standing(FSS)VO2/TiO2 microstructuresthat canbe easilyheated
by Jouleeffect. In this work, we investigatethe thermalbehaviorof FSSandnon-freestanding(N-FSS)VO2-
basedstructures. Theelectricalresistanceof the devicesshowsan abrupt jump with increasingthe voltage
biasacrosstheir two input terminals. We analyzeand comparethe electricalpower neededto drive the
devicesfrom the (low temperature)insulatingto the (hightemperature)metallicstate. Ourresultsindicate
how the power neededto drive the FSSis two ordersof magnitudelower that that requiredfor the N-FSS
and how thermal flow designof the microstructuresis a critical issuefor developingoptimizedswitching
andmemristivedevices.

a) Dependenceof the electricalpower Pcat the insulator to metal transition driven by the voltagebiasat different
temperaturesT (TMI is the metal insulator transition temperature). Solidsymbolsare experimentaldata,while open
onesshowcalculateddataby FiniteElementAnalysis. b) Thermalflow of FSSandN-FSSstructurescalculatedby Finite
ElementAnalysisshowinghow in the FSSheat flows mainlyalongthe structurestoward the contactsto the substrate
(MgO).
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Potential-well depth at amorphous-LaAlO3/crystalline-SrTiO3 interfaces 
measured by optical second harmonic generation 

G. De Luca, A. Rubano, E. di Gennaro, A. Khare, F. Miletto Granozio, U. Scotti di Uccio, L. Marrucci, D. Paparo 
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APPLIED PHYSICS LETTERS 104, 261603 (2014) 

Thediscovery1 of a two-dimensionalelectrongas(2DEG)formed at the interfacebetweenthe two bandinsulators
LaAlO3 (LAO)and SrTiO3 (STO)hasdriven a lot of attention to this material system. In particular,the origin of the
chargecarriersimmediatelyemergedasa highlydebatedquestion,sincedifferent dopingmechanismscanbe at
play in this oxide heterostructure. By using secondharmonic generation (SHG)we have investigatedvarious
aspectsof the physicsof LAO/STOinterfaces.2 Here, by combiningSHGand transport measurements,we have
studied interfacesformed by either crystalline(c-) or amorphous(a-) thin films of LAOgrown on TiO2-terminated
STO(001) substrates. The comparisonbetween these two interfaces allows disentanglingthe relative role of
intrinsicandextrinsicdopingmechanismsin the formation of the 2DEG,with the latter beingdominantin the case
of amorphousLAOover layer. For the first time, we havemeasuredthe depth of the quantumwell formed at the
interfaceof both systems,finding that the valueof this depth is almostconstantabovethe thresholdfor the onset
of conduction found in c-LAO/STOsamples(4 crystallineunit cells). Thesefindings point to the existenceof a
universaldepth of the interfacialpotential well, despitethe fundamentallydifferent dopingmechanismacting in
thesetwo materialsystems. Thisresultwashighlyunexpected.

Fig. 1: Sheetconductancemeasuredin air for
the two a- and c-LAO/STOsamples as a
function of temperature during a heating-
cooling cycle. Note the irreversible change
occurringin a-LAO/STOuponheatingbecause
of the oxygenvacanciesrefilling in air.

Fig. 2: The potential-well
depth for a-LAO/STOand c-
LAO/STO determined from
SHG as a function of LAO
thickness. Note the almost
equalvaluesof Vwell for the
c-LAO/STO and a-LAO/STO
samplesabove7 euc. In

1A. OhtomoandH. Hwang,Nature427, 423(2004).
2A. Rubano,C. Aruta,U. S. di Uccio,F. M. Granozio,L. Marrucci,T. Günter,T.
Fink,M. Fiebig,andD. Paparo,Phys. Rev. B88, 245434(2013).
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Witnessing the formation and relaxation of dressed 
quasi-particles in a strongly correlated electron system 

Fabio Novelli1,2, Giulio De Filippis3, Vittorio Cataudella3 et al.

1 Dipartimento di Fisica, Università degli Studi di Trieste, Via Valerio 2, 34127 Trieste, Italy. 
2 ElettraτSincrotrone Trieste S.C.p.A., 34149 Basovizza, Italy. 

3 SPIN-CNR and Dipartimento di Fisica, Università di Napoli Federico II, I-80126 Napoli, Italy. 

NATURE COMMUNICATIONS, 5:5112, (2014) 

Thenon-equilibriumapproachto correlatedelectronsystemsisoften basedon the paradigmthat different degrees
of freedom interact on different timescales. Photo-excitation is treated as an impulsive injection of electronic
energythat is transferredto other degreesof freedom only at later times. By studyingthe ultrafast dynamicsof
quasi-particlesin a stronglycorrelatedcharge-transfer insulator(La2CuO4Ҍ)ɻ, we showthat the interactionbetween
electronsandbosonsmanifestsitself directly in the photo-excitationprocessesof a correlatedmaterial. We reveal
that sub-gap excitation pilots the formation of itinerant quasi-particles,dressedby an ultrafast reaction of the
bosonicfield. Theexactdiagonalizationof the HubbardςHolsteinmodel explainsthe different responsemeasured
for above-gapand sub-gapexcitations(Figures). In particular,a perturbation with sub-gapphoton energydrivesa
non-thermal tendencyto create strongly dressedquasi-particles. Thisdisclosesseveralpossiblescenarioswhere
coherentelectromagneticfieldscanbe usedto manipulatequantumcoherentphasesof matter.

Time-domain evolution of optical conductivity. The measurements
performed at 130 K are reported asa function of probe energyfor
pump energy (a) larger (3.1 eV with 0.04 eV bandwidth) and (b)
smaller(0.95 eV with 0.04 eV bandwidth) than ɲ. (c) Thetransient
optical conductivityat Eprobeat 2.3 eV for both pump energiesis
shown (3.1 eV in blue, 0.95 eV in red). The responsefor sub-gap
excitationismultipliedby the ratio of the absorbedenergydensities.
The black curve depicts the 3.1 eV pump autocorrelation. (d)
Normalizedpumpςprobe reflectivity measurementsperformed at
room temperaturewith 10fs pulses(in blackthe pulseduration).

HubbardςHolstein calculations. (a) The weight, |b(t)| 2 of the
photo-excited component of the wave function as a function of
pumpςprobe delayfor excitationsbelow (red) and above(blue)ɲ.
In the insetof a, the interactionenergyin eVisshown. Theaverage
numberof bosons(thick line) andthe electronkineticenergyin eV
(thin line) for the two excitationwavelengthsarereported in b and
c. In a, b and c, the differencesbetween the pump-perturbed
quantities and the ground state ones are shown. In e and f,
cartoons of the physical mechanismare sketched. EpumpҔɲ(e):
thermal dressing scenario; Epumpғɲ(f), a ΨŎƻƘŜǊŜƴǘŘǊŜǎǎƛƴƎΩ
mechanismis in actionat veryshort time delays.
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Optical Response of Sr2RuO4 Reveals Universal Fermi-Liquid Scaling and 
Quasiparticles Beyond Landau Theory 

D. Stricker1, J. Mravlje2, C. Berthod1, R. Fittipaldi3, A. Vecchione3, A. Georges4,5,1and D. van der Marel1

1Département de Physique de la Matière Condensée, Université de Genève, 24 quai Ernest-Ansermet, 1211 
Genève 4, Switzerland 
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4Collège de France, 11 place Marcelin Berthelot, 75005 Paris, France 

5Centre de Physique Théorique, École Polytechnique, CNRS, 91128 Palaiseau, France 

PHYSICAL REVIEW LETTERS, 113, 087404 (2014) 

Therelevanceof FermiLiquid(FL)theory in solidsis supportedby a numberof materials. Amongtransition-
metal oxides, Sr2RuO4 represents a remarkable example. Indeed, transport properties display low-
temperatureFLcharacteristics[1] and there is evidencefor p-wavesymmetryof its superconductingphase
[2] asin superfluid3He. FLtheory predictsfor the inelasticoptical relaxationrate to vanishaccordingto the
scaling law 1κˍθ όƚ˖ύ2ҌόǇˉƪBT)2, with p=2 [3,4]. Here, we report optical measurementsof Sr2RuO4

demonstratingthat the low-energyrelaxationrate (1κˍύof the conductionelectronsin this systemobeys
scalingrelationsfor its frequencyό˖ύand temperature (T) dependencein accordancewith FLtheory. We
establishedexperimentallyfor Sr2RuO4 the universalvaluep = 2 and demonstratedremarkableagreement
between the experimentaldata and the theoreticallyderived scalingfunctions in the FLregime. We also
performedDMFTcalculationswhichyieldexcellentagreementwith the measuredopticalspectra.

Figure: Root-mean square deviation of
the relaxationrate M2ό˖Σ¢ύfrom a linear
dependencein 2˅p, for ƚ Җ̟36meVand
TҖTmax, asa functionof p andTmax. The
inset showsthe valuepx and the rms at
the minimumversusTmax. A valuepx= 2
is foundbelowTmax~ 40K.

[1] N. E. Husseyet al., Phys. Rev. B57, 5505(1998).
[2] C. Kallin,Rep. Prog. Phys. 75, 042501(2012).
[3] R. N. Gurzhi,Sov. Phys. JETP35, 673(1959).
[4] C. Berthodet al., Phys. Rev. B87, 115109(2013).
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Defective Interfaces in Yttrium-Doped Barium Zirconate Films and 
Consequences on Proton Conduction

Nan Yang,1 Claudia Cantoni,2 Vittorio Foglietti,1 Antonello Tebano,1 Alex Belianinov,2 Evgheni Strelcov,2

Stephen Jesse,2 Daniele Di Castro,1 Elisabetta Di Bartolomeo,3 Silvia Licoccia,3 Sergei V. Kalinin,2 Giuseppe 
Balestrino,1 and Carmela Aruta1
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2Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, United States
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I-00133, Italy

b!bh [9¢¢9w{ мрΣ нопоҍнопф όнлмрύ

Yttrium-doped barium zirconate (BZY)is one of the most promising electrolyte materials for
protonic solid oxidemicro fuel cellsbasedon thin films. In this field, it waslargelyreported, both
theoretically and experimentally,that disorder and reduced dimensionalityoffer new routes to
enable high performance electrochemical energy conversion devices. Therefore, a direct
characterizationof interfacesbetweenthe electrolytefilm and the substrateis important, but also
a verychallengingtask.
In this framework, here we use state-of-art electrochemicalstrain microscopyin a novel cross-
sectionalmeasuringsetup to directly visualizethe interface reactivity of BZYfilms with nanoscale
resolution. The local electrochemicalinvestigation is comparedwith the structural information
obtainedby state of art scanningtransmissionelectron microscopy,the unique techniqueable to
giveinformationon the localdistortionsat the interfacebetweenfilm andsubstrate.
The resultsof this study show a clear correlation between the conductivityof BZYfilms and the
misfit dislocationnetwork, which introducesa novel 2D transport phenomenonat the interface.
The relevanceof these resultsconsistsin openinga new avenueto understandlow-dimensional
propertiesat the nanoscalewhicharecritical for severalcurrent andfuture technologies,especially
in the field of energy storage and production. This work, in perspective,will shine a light in
exploitationof the extraordinarypropertiesof thesestronglydefectiveinterfaces.

Schematicdrawing of the interface between BZYfilm
andNGOsubstratewith the dislocationnetwork asfast
pathwayfor proton conduction.

V. Fogliettiet al. Appl. Phys. Lett. 2014, 104, 081612.
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Spin-Orbital Order Modified by Orbital Dilution in Transition-Metal Oxides: 
From Spin Defects to Frustrated Spins Polarizing Host Orbitals 

Wojciech Brzezicki1,2Σ !ƴŘǊȊŜƧ aΦ hƭŜǏ2,3, and Mario Cuoco1
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3Max-Planck-Institut für Festkörperforschung, Heisenbergstrasse 1, D-70569 Stuttgart, Germany

PHYSICAL REVIEW X 5, 011037 (2015) 

Understandingthe originof the complexbehaviorof transition-metaloxideswith orbital degreesof
freedom is a central problem in stronglycorrelatedelectronsand quantum magnetism. Applying
magnetic impurities to systems with spin-orbital order is particularly challengingand is still
unexplored. Immobile defects with no orbital degree of freedom in spin-orbital-ordered Mott
insulatorsmaydisturb both magneticand orbital order; suchάǎǳōǎǘƛǘǳǘƛƻƴŀƭŘƻǇƛƴƎέcangenerate
novel typesof order at high dopingconcentrations. We study localchangesin spin-orbital order in
an insulating 4d transition-metal oxide when 3d impurities (Mn4+ and Cr3+ ions) with no orbital
degreesof freedomare added,leadingto orbital dilution. We employa microscopicmodel whose
physicalproperties are controlled by a few parameters. Our analysisdemonstratesthat the 3d
impurities can behaveeither as spin defectssurroundedby inactiveorbitals or polarizedorbitals
aroundthem that changespininteractionsto ferromagnetic(Figure).

Figure: Phasediagramof a single3d impurity in a 4d
host in terms of the local Hund coupling and the
impurity-host spin-orbital exchange.

We investigate a few representative doping
concentrations and show that certain
unexpectedchangesin globalspin-orbital order
are triggered by finite doping and that
frustration of impurity spins, which emerges
classicallyat the crossoverbetween different
types of magnetic order, is removed by
quantum effects. We predict local and global
changesof spin-orbital order induced by such
impurities, and we suggesthow the final spin-
orbital order could be detectedexperimentally.
Our results are generic and pave the way
toward a better understandingof heavy(4d and
5d) transition-metal oxides with immobile
magnetic ions. Our theory provides the
framework to investigatethe consequencesof
quantumfluctuationsand of spin-orbit coupling
in Mott insulators, which will likely lead to
novel quantum behaviour in spin-orbital
systems.
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Photoresponse dynamics in amorphous-LaAlO3/SrTiO3 interfaces

Emiliano Di Gennaro1, Ubaldo Coscia2, Giuseppina Ambrosone1, Amit Khare1, Fabio Miletto Granozio1 & 
Umberto Scotti di Uccio1
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2Dipartimento di Fisica,Univ. di Napoli Federico II and CNISM Unita´ di Napoli, Compl.Univ. di Monte S. Angelo, 
ViaCinthia I-80126 Napoli (Italy)

SCIENTIFIC REPORTS, 8393 (2015)

Thetime-resolvedphotoconductanceof amorphousand crystallineLaAlO3/SrTiO3 interfaces,both hostingan
interfacial 2-dimensionalelectron gas, is investigatedunder irradiation by variable-wavelengths,visible or
ultraviolet photons. UnlikebareSrTiO3 singlecrystals,showingrelativelysmallphotoconductanceeffects,both
kinds of interfaces exhibit an intense and highly persistent photoconductancewith extraordinarily long
characteristictimes. The temporal behaviourof the extra photoinducedconductancepersistingafter light
irradiationshowsa complexdependenceon interfacetype (whetheramorphousor crystalline),samplehistory
and irradiation wavelength. The experimentalresults indicate that different mechanismsof photoexcitation
are responsiblefor the photoconductanceof crystallineandamorphousLaAlO3/SrTiO3 interfacesundervisible
light. We proposethat the responseof crystallinesamplesis mainly due to the promotion of electronsfrom
the valencebandsof both SrTiO3 andLaAlO3. Thissecondchannelis lessrelevantin amorphousLaAlO3/SrTiO3,
wherethe higherdensityof point defectsplaysinsteada major role.

(a) Photoresponseof C1 and (b) photoresponseof A1 at
365 ƴƳ(black),400 ƴƳ(red), and 460 ƴƳ(green). The
data are normalizedto the asymptotic value ìnf; solid
lines are fit curves. (c) Dependenceof A vs. radiation
wavelength f˂or both samples.

Sketchof the bandstructureof a) a-LAO/STOandb) c-
LAO/STO.
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Noncontact Atomic Force Microscope Dissipation Reveals 
a Central Peak of SrTiO3 Structural Phase Transition

M. Kisiel,1 F. Pellegrini,2,3 G. E. Santoro,2,3,4M. Samadashvili,1 R. Pawlak,1 A. Benassi,5,6 U. Gysin,1
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PHYSICAL REVIEW LETTERS 115, 046101 (2015)

The critical fluctuations at second order structural
transitionsin a bulk crystalmayaffect the dissipation
of mechanicalprobeseven if completelyexternal to
the crystal surface. Here, we show that noncontact
force microscopedissipationbearsclear evidenceof
the antiferrodistortive phase transition of SrTiO3,
known for a long time to exhibit a unique,extremely
narrow neutron scattering άŎŜƴǘǊŀƭpeak.έ The
noncontactgeometry suggestsa central peak linear
response coupling connected with strain. The
detailed temperature dependencereveals for the
first time the intrinsiccentralpeakwidth of order 80
kHz, 2 orders of magnitude below the established
neutronupperbound.

(a) Experimental AFM dissipation W as a function of
temperature. Raw data, taken at different surface spots
and different tip sample distances z. The sharp peak
correspondsto the critical temperature of SrTiO3 in the
bulk region under the tip. (b) Low temperature (T = 5 K)
STMimageof SrTiO3 (100) surface. Theimageisobtainedat
constantcurrent I = 10 pA and bias voltageU = 1 V. The
length of the scalebar is equal to 20 nm. (c) Thedistance
dependenceof the dissipationW, takenasthe maximumof
the peak shown in (a), at four different spots on the
sample. A fit to the experimentaldata,WᶿzҍǇ, is shownin
red, with pḐ4.2. Thisexponentis closeto the valuep = 4
expected for phononic dissipation, as appropriate for
couplingto acousticalsurfacefluctuationsof an insulating
bulk material.
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Giant Oscillating Thermopower at Oxide Interfaces
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NATURE COMMUNICATIONS, 6:6678 (2015)

Thermoelectricspectroscopy,is a formidabletool to investigatethe electronicstructureof the LaAlO3/SrTiO3 interface
[1] and achieve full comprehensionof charge confinement in oxide heterostructures. In this work, we explore
thermopower in LaAlO3/SrTiO3 at low temperature as a function of gate field, in order to monitor the electronic
properties at varyingdoping concentration(seeexperimentalconfiguration in Figurea). Under large negativegate
voltage,correspondingto the stronglychargedepletedregime,thermopowerdisplaysrecord-high negativevaluesof
the order of 104-105 mV/K, oscillatingat regular intervalsas a function of the gate voltage(seefigure b). The huge
thermopower magnitude can be attributed to the phonon-drag contribution, which is boosted by 2D electron
confinement. Indeed, in the low temperature limit, the couplingof acousticphononswith 2D confined electronsis
enhancedby the lossof crystalmomentumconservationin the interface-orthogonaldirection,enablingthe interaction
of the electron gaswith many more phonon frequencies. On the other hand, the thermopower oscillationsmap the
Fermilevel descentacrossa densearray of localizedstateslying at the bottom of the Ti 3d conductionband (seein
Figurec and d the model electronic band structure of the two-dimensionalelectron gas (2DEG)which allows to
reproducethe experimentalresults,asshownin Figuree). Thisstudyis the first direct evidenceof a localizedAnderson
tail in the LaAlO3/SrTiO3 two-dimensionalelectronliquid.

[1] Ohtomo,A. andHwang,H. Y.,ά!high-mobility electrongasat the LaAlO3/SrTiO3ƘŜǘŜǊƻƛƴǘŜǊŦŀŎŜέ, Nature427, 423ς426(2004)

Figure: Seebeckmeasurementconfigurationandbehaviorundergatefield of aLaAlO3/SrTiO3 interface. a)Sketchof the sampleand
experimentalconfigurationfor the Seebeckmeasurements. b) Seebeckcoefficientversusgatevoltagemeasuredin a LaAlO3/SrTiO3

interfaceat 4.2 K. In the main panel,the different tracescorrespondto different thermal and Vgcycles. In the inset, a blow-up of
the accumulationregime(Vg>0) is shown. c) Sketchof the model band structure purposelybuilt to reproducethe experimental
results. Grayareasindicatevalenceandconductionstates; the coloredlinesbelowthe conductionstatesrepresenta tail of localized
states. d) ActualDensityof States(DOS)of the model bandstructure consideredfor the calculations. Theshadedgrayareais the
DOSrelative to the conductionbandbottom (CBB)of t2g dxy orbital character. Belowthe CBBliesa tail of 12 localizedstates,placed
at regularintervalsof 3 meVfrom eachother, indicatedby different colorsand type of lines. Fromthe bottom: red solid,dotted,
dashed,dot-dashed,and then the samesequencerepeated in greenand blue. Zero energyis fixed at the CBB. e) Phonon-drag
calculatedfor the modelDOS. Thedotted vertical linesindicatethe bottom energyof eachlocalizedstate, the solid line is the CBB.
Sg oscillatesat eachintersectionof EFwith the bottom energies.


